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ABSTRACT

The genudalaeotraguss the most common giraffid genustime Late Miocene
of Eurasia and numerus species have been described. However, the validity of many
of these species has been repeatedly questioned. A metric examination of these
speciesshowed that all the largsizedPalaeotragushould be considered synonyms
to Palaeotragus coelophrysyith the exception ofPalaeotragus berislavicugnd
possbly P. asiaticusA morphological examination of several dental specimens did not
reveal any fature that could providediagnostic information, as thepremolar
morphology demonstratehigh variation while the molar morphology demonstrates

no variation

Systematic excavations in the Late Miocene sites of Axios Valley (from 1972 to
2012) and Nikitiffom 1991to 2005), revealed rich faunal assemblages. Members of
the Giraffidae family are represented in almost all the different sites. The genus

Palaeotraguss the most common giraffid of the aforementioned areas.

A largesized Palaeotragusskull and everal postcranial bones, which were
previouslyclassified aPalaeotraguf. roueni and laterasPalaeotragusp., fromthe
Vallesian siteNikiti-1 are re-evaluated here. According to metric and morphological
comparisonghe Nikiti Palaeotraguss distinguished by botalaeotragus rouenénd
Palaeotragus coelophryBased on metric comparisons, Nialaeotragusshowed
several similarities with Palaeotrgus berislavicustherefore a classification as

Palaeotragusff. berislavicuss suggested.

A review of old along with a study of new fossil remainslafjesized
Palaeotragugrom the Vallesiarof Axios Valleysites Ravin de la Pluie, Xirochori and
Pertalophog, suggests thatased on their sizdRavin de la Pluie specimem® better
classified a®alaeotragucf. coelophrysPentalophos specimens are bettesferred
to as Palaeotragus coelophryand the single mandible fromXirochori to as

Palaeotragusp.
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1. INTRODUCTION
1.1 Phylogeny

1.1.1 Early Pecora diversification

Duringthe Eocene/Oligocene boundaf@3.9 Ma) adroping 2 NX RQ&a (G SYLISNI i
YR KdzYARAGES NBadzZ 6SR (2 | aLINBFRAYy3I 27F
dropped, but new niches were created for larger herbivores, facilitating the radiation
of Pecora during Early/Middle Oligocene .&28.9 Ma). Molecula data (Irwinet al.

1991, Hassanin & Douzery 2003) are in accordance with the fossil record (Vislobokova

1997) about the timing of this radiation.

According to Mitchell & Skinner (2003) a pecoran familihefOligocene, called
Gelocidae, radiated laterduring Early Miocene, giving rise to aktant pecoran
families. At that time the intensifying global cooling and drying triggered the main part
of Pecora evolution including the emergence of the families Antiodae,
Moschidae, Bovidae, Cervidae, amdraffidae. Among different groups of taxa
radiated from Gelocidae, the members of Palaeomerycinae bear ossicones and
therefore this subfamily is considered as the most possible ancestor dffdiiea
(Jannis & Scott 1987, Mitchell & Skinner 2003).

The emct phylogenetic relationshgamong Giraffidae as well as with the rest
of the families of Pecorare not yet clear. There is a possibility that Giraffidae are in
the same clade with Antilogaidae, while Cervidae, Bovidae and Moschidae are in a
different (sister)clade. Another scenario suggests that Antiloidae were the first to
split from the rest of the Pecora, followed by Giraffidae (Fig. 1) (Hassanin & Douzery

2003,Hassaniret al. 2012.

1.1.2 Giraffidae diversification

Several efforts have been made in order to understand the evolution of the
giraffids (Hamilton 1978, Solounias 2007, Reosl. 2017). However, there is no
consensus about the exact Giraffoidea phylogeny, as different authors used different

characters irorder to reconstruct the phylogeny difie group. The presence of only

e
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two living Giraffidaegenerg does not allow molecular comparisons, making the
reconstruction of their phylogeny difficult. Moreover, the stratigraphic data are not so

relevant with theassessment of relations inside Giraffidae (Hamilton 1978). Thus,
constructing a true phylogenetic scenario for Giraffidae is problematic and further

research is needed. However, there is some agreement among different researchers
(Hamilton 1978, Solouni&f07, Riogt al.2017) in recognizinagt leastsix subfamilies:

/' yGKdzZzYSNEOAYLFSET hlFLAAYEFESET {AQI GKSNRAAYI S3
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Figures 1a, b: Two possible phylogenetic scenarios for Ruminantia, based on DNA analyses of extant
Ruminants that place Giraffidae in different positions (Hassanin & Douzery 2003, Ha$sdi2012).

Bonis et al. (1997) descrited specimens of Georgiomeryx georgalasi
Paraskevaidis, 194@om the island of Chios (dated at MN £6.0-13.7 Ma), in an

attempt to shed light in early giraffid evolution. The relations between the basal

2




giraffids are interpreted in Figure Zeorgiomeryhad a more giraffid like /Rwvith
éXclosed anterior valley, and a lingually open posterior vXliey — Cdathymeryx
Hamilton 1973 so it was assumed to be a more advanced giraffid, closer to the taxa
that thrived during the Late Miocene. Bonist al. (1997) concluded that
Georgioneryx,as well aanthumeryxandInjanatheriumHeirntzet al,, 1981are basal,
primitive giraffids and that eacbf the genera constitutes a monophyly. Another taxon
that according to Bonist al. (1997)shows a mix of ruminant plesiomorphies and
giraffid gpomorphies isGiraffokeryxPilgrim, 1910That genus assumed to legther a
sivathere (Hamilton 1978, Solounias 2007) or a basal giraffid cldsgat@atherium

as they both have two pairs of ossicones (Behed.1997, Riogt al.2017). The genus

is dso proposed as the link between Canthumerycinae and the rest of Giraffidae
(Mitchell and Skinner 2003). Most recent reviews suggest tGanthumeryx,
Georgiomeryx, Injanatheriunand Giraffokeryxare included in the subfamily of
Canthumerycinae that diverged early on giraffid evolutionary history (Solounias 2007,

Rioset al.2017).

Injanatherium
Other Giraffids Canthumeryx Georgiomeryx Giraffokeryx

Figure 2:Cladogram of relatiotspsamongbasal Giraffidaegdopted fromBoniset al. 1997).

Concerning the more advanced giraffids (Fig. 3), there is also consensus that
Okapia[ Y1 SaiSNE mMdnHI OkApxfjotrRtanpchteni DR)adda 21 I L.
the fossilOkapia stillei(Dietrich, 1941yepresents a primitive taxon. Okapiinae are
distinguished from other giraffids, mainly because they lack apomorphies, being more
primitive than most fossil giraffids (Colbert 1938). Colbert (1938) analyzed a plethora
of other skull and dental characters Okapig showing that similarities with other

giraffids should be regarded as plesiomorphibs] | kJpokt€anial skeleton is also




LINAYAGAGS® | OO2NRAY3A G2 |1 FYAfG2Y oOmMpTyOX
proportions that are closer to bovids or cervids than to giraffids. Therefore, the
lengthening (andhe secondary shortening in Sivatheriinae) of the metapodials is an
apomorphic feature for the other subfamilies. Another convincing evidence that

favors the possibility thaDkapiais primitive, is the fact that according to molecular

clock Okapiaand GiraffaBi\hnich, 1772split about 152 Ma (Hassaniret al. 2012,

SINI& 2y DANIFTFARFSQE NIRAFGAZ2Y D

Sivatheriinae are probably a monophyletic subfamily. Their main synapomorphies
are the existence of two pairs of large, complex ossicones and a sega@iaatening
of their metapodials (Hamilton 1978), whereas typical Sivatheriinae reach extremely
large size. This is the case ®ivatherium giganteunfalconer & Cautley, 1836,
Shansitherium tafeliKillgus, 1922 Sivatherium cingulatumHaughton, 1922,
Siatherium maurisium Pomel, 1892,Helladotherium duvernoyiGaudry, 1860,
Bramatherium megacephalunhydekker, 1876 Birgerbohlinia schaubCrusafont
t I A Nk = DedepnathetiughiRachecBirusafonit ANk = M@pH P

CKS &dzoFlFYAfASE a{l WAEKSNRAVRKR | B4 NI BEAVH S
Oz2yaArad | Y2y2LKetfSGAO 3INRAzZI &AKFENAYy3I (KS
St2y3lLGA2yT gKAOK Aa 6SI1 AY a{l Y2UKSNAAY!I
1978, Solounias 2007, Danowér al. 2015a,b). However, thigoint of view is not
universally accepted (Ries al.2017).

¢KS FANRG adzo¥FlYAate (2 oNIyOK 2dzi A& GfF
elongation of neck and limbs (Danowitz 201B6a, Hamilton (1978) proposed some
dental features as synapomorphies tlsgveral scholars consider them as polyphyletic
Ol FYATG2Y MdpTtyZ DSNIFR&a mMpycs {2f2dzyAl & HAJ
species such aSamotherium boissieRorsythMajor, 1888 Samotherium neumayri
Rodler & Weithofer, 189@Gamotherium sineseBohlin, 1926 an&amotherium major

Bohlin, 1926

Gt FEFS2GNF 3AAYEFESE YR DANIFFAYLES | NE LINE
extreme lengthening of the metapodials and of their neck (Hamilton 1978, Solounias

2007, Danowitet al.2015a,0 0 @ dat AAY ESaNLBR o of & O2yairad




paraphyletic group (Geraads 198Hou et al. 2014, Danowitzet al. 2015b. It is

accepted that they do not share any apomorphy that differentiates them from other

giraffids (Hamilton 1978, Solounias 2007). Theylctdne defined as giraffids with

intermediate neck and limb elongation. The type specie®ataeotragus rouenii

Gaudry, 1861 from Pikermi, Greedealaeotragus coelophryRodler & Weithofer,

180A &4 | Yy2UKSNJ aLISOASaAa GKFG GBI BARPE 8¢ | ORS LI

to be further discussed later.

Finally, Giraffinae are considered as the more evolved subfamily of that Pecora
lineage. The extreme lengthening of the metapodials and neck is proposed as their
main synapomorphy (Hamilton 1978, Solow2907, Riost al.2017). If that opinion
is followed, then Giraffa= A y Of dzR Gisafth camglépardalidinnaeus, 1758,
BohliniaMatthew, 1929, includindohlinia atticaGaudy & Lartet, 185@&ndBohlinia
nikitiae Kostopoulost al.,1996and HonanotheriumBohlin, 19% should be grouped

together. It should be noted that not all authors accept that grouping inside Giraffinae

(e.g.,Solounias 2007).
1 -

R Gl

"Samotheriinae" &9 2 b
Canthumerycinae Okapiinae Sivatheriinae "Palaeotragiinae" Giraffinae

Figure 3:Phylogeny of the family Giraffiddgadopted from Hamilton (1978)]

1.2 Giraffidae Bigeography

The Palaeobiogeography of Giraffidae is demonstrated here based on data
collected in NOW DatabasBdtahttp://www.helsinki.fi/sciencehow/) by The NOW

e
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Community / CC BY 4]0Figure 4 maps the overall expansionMibceneGiraffidae
known; Figures5-6 demonstrate the Miocene expansion of Canthumerycinae
(Canthumeryx, Georgiomery®jraffokeryxand Injanatherium) and & &mothe’h A y | S ¢
(Samotheriumspecies) Figures7-9 demonstrate the Mioceneand alsothe Plio-
Pleistocene exansionof Sivatheriinae$ivatherium, Decennatherium, Bramatherium,
Birgerbohlinia & LJS O A Sldeotragh Vi lt &hd Graffinae (Giraffa, Bohliniaand

Honanotheriunspecies$.

Giraffidaewere a widespread family (Fig. 4) known by a variety of localities in the
Old World. They were extremely abundant during the Turolian in Eastern
Mediterranean (Koufos 2003) andAdfrica from Miocene to todayThey wereabsent
from Central and Western Africhuring theMiocene(Harriset al.2010). They are also
well-known from the Miocene of Asia, especially from sites of Central Eastern (China,
Mongolia, Kazakhstan) and Central South (India, Pakistan, Nepal) Asia (Fetrtalius
2006).The family of Giraiflae has an Africanorigin and some ofits oldest members
migratedto Eurasia through Levan{&oufos 2008 However, only Canthumerycinae
FYR hl1FLAAYFS 2NAIAAYIGSR Ay ! FNAOFISE 4KS?
Gt I fF S260 NFYIRA YOASNT TFFAY I S(Mikched& Skinner2@@R1 a A 'y 2 NA

The Canthumerycinae are the less abundsmbfamilyand althoughthey were
present in all the three continentthey show a fragmentary distribution (Fig. 5). They
are relatively abundanin Turkey, in Souti€entral Asia, in Middle East, in No#ast
Africa and in Kenya. There are only two references for their presence in Europe; the
first oneisin Serbia (Ciric & Thenius 1959, Pavlovic 1969) and the s&tcddllios
(Boniset al.1997).

Samotheriun&d LISOA S& I NB Y2aidfeée T7T2dpedlingirgm 9 dzNJ & A |
East China tthe Balkans and there is a reference for their presence in ltaly (Msrra
al. 2011). A few fossiliferous localities in Africa contémssils referred to as

Samoherium(in Kenya, Algeria and Liby#&arriset al.2010)(Fig. 6).

The Sivatheriinae are widespread in the Miocene of the Mediterranean;
Deccenatheriumand Birgebohliniaare common in Spain, whilelelladotheriumis

abundant in Balkans and Anatolia. They are also widespread in thBE4tocene of




North-Western and Eastern Africa with the gen8¢vatherium Finally, they are
represented inthe Late Miocene ofSouthCentral Asiaby Hydaspitherium,

Bramatheriumand Sivatherium(Fig. 7)

Gt fFS20NF I3AYFSE FNB lodzyRIyld Ay GKS
China. They are also present in Miocene localities of N&f#istern and Eastern Africa

and in the PliePleistocene of Balkans (Fig. 8).

Finally, in the late Miocene, Giraffinae were represented in China with
Honanotherium,in Eastern Mediterranean witBohliniaand possibly in Indiand
Pakistan (Mitchel & Skinner 2003, Aftabal. 2016) with the speciesGiraffa priscilla

Pilgim, 1911After Miocene, theyaremostlyknown fromAfrica with the genu&iraffa

(Fig. 9. The only excepti@arereferencesof Giraffafrom thesite alta, Turkey, dated

at the Early Pliocene (Sen 197Geraads 1998

Figure 4:Total geographic expansion of Miocene Giraffidae (recovered in January 2020 from NOW
Database)

[}



Figure 5: Canthumerycinae speciesxpansion during Miocene Yellow: Giraffokeryx Purple:
Canthymeryx Green:Georgiomeryx,Blue: Injanatherium (recovered in January 2020 from NOW
Database)

Figure 6:Samotheriumspecies expansioduring Miocene(recoveredand modifiedin January 2020
from NOW Database)

Figure 7: Sivatheriinae species expansiaturing Miocene and PliePleistocene With Yellow:
Sivatherium species, Pink Birgerbohlinia schaubi Green: Helladdherium species, Blue
DecennatheriumBrown:HydaspitheriumLight BlueBramatheriumRed: Unidentifiedrecoveredcand
modifiedin January 2020 from NOW Database)
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Figure 8:6t F £ | S2 (0 NI 3 A Ay | SdringdMioSeBerabSdiPlibfisthdeny Yelo@:Miocene
site with Palaeotragus Blue: Palaeotragus inexpectatugecovered in January 2020 from NOW
Database)

Figure 9 Giraffinae species expansialuring Miocere and PliePleistocene Yellow Giraffg Blue:
Bohlinia,Green:Honanotherium(recovered in January 2020 from NOW Database)

1.3 The Greek Giraffid Record

Giraffids have a long and rich fossil record in Greece spanning Ntaidle
Miocene (MN 5jo Pleistocene (MN 17) (TableRig. 10)The study of Greek giraffids
goes back to the times @uvernoy (1854and Gaudry& Lartet(1856) andstill isof
great interestRdzS (i 2 Hgh Mkofomit RiveRity andheir well-preserved

fossils.




Thestratigraphicallyoldest giraffid specimen that has found until today in Greece
is a skull and a mandible referred @eorgiomeryXrom Thymiana locality in Chios
(Paraskevaidis 1940The assemblage in whi€eorgiomeryxvas found is dated to
the Late Orleanian (MN5), at a tinod greatfaunal interchange with Africa. Chios
Georgiomeryxepresents the first datum of giraffids in the Eastern Mediterranean

(Koufos 2003).

Sivatheriinae are mostly known in Greece bielladotherium, which first
appeared in the Late Vallesidauna of Nikitil (Koufos 2000). The genus was also
common during Turolian, disappearing from Greece at the end of this age (Koufos
2003) and it is the only known giraffid from the island of Rhodes (Boni 1943, fide
Koufos 2006)PalaeogiraffaBonis & Bouwin, 2003 is an enigmatic genus of a medium
to largesized giraffid with slender metapodiaRalaeogiraffa macedoniageraads,
1989, from Xirochori, was previously describedR@scennatheriun{Geraads 1¥9)
and Bonis & Bouvrain (2003) clarified that shspecies, should be assigned to a new

genusPalaeogiraffalt is known exclusively from Northern Greece and Eastern Thrace.

Thefirst appearanceof Samotheriumis dated onthe Early Turolian of Samos
(Koufos 2003). Durinthe Turolian the genus was vergmmon in Asia Minor and
present in adjacent territories in continental Greece. It finally disappedrech

Greeceduringthe Late Miocene (SchmiKittler et al. 1995).

The first datum oPalaeotragusn the Eastern Mediterranean is Middle Sinap
(Turkey) dated at10.6 Ma (Lunkkaet al. 1992, Kappelmaat al. 2003), at the end of
Early Vallesian. In Gree&alaeotragusoldest record comes from Pentalophos site,
discussed in this work, whereds ilast occurrences are from thEarly Pleistocene
faunas of continental Greece and Lesvos isl&ustopoulos 199 thanassiou 2014

Finally, Giraffinae are represented in the Greek recordbfalinia, which first
appeared in Eastern Mediterranean at Rad@la Pluie (Axios Valley) during the Late
Vallesian (MN 10) and continued throughout the Turolian. It disappeared at the end
of Miocene (Bonig Koufos 1999).
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Table 1:Giraffidaeoccurences in Greecedhlitiesand age)

e EEERFRFRFEERREREEREREEEEEER =
S T EEERERFREEREERERFREREEBEBERERE 3
s FEEFE bk b BB b n b B B B B b b B =
2 2B BB % % g\ PEEERPRERREREEERRERERESE 2
SEFFFEFREBEEEEEEGRERRRREREE =
ARPEFEEEEEEEEEEEREEREERSE
SsERE| EEEFEEEFEEESEEERPPR
= =] EREEEBEBRLE EEBPERERBEEER
fa B BB E & Rk R R R E BB B
] E o EE Bl BE[G B EF E B
< =S E: R ERPEREIMTRE B R0
5 5 R c | EEERBE| FRI| B
@, = EEPF FEBE =3 =1
Site B B " = [ "
RZO X b MN 11
PXM ¥ MN 11
VT b MIN 12
& | wvar X % % MN 11
=
> | pIT-
2
p= DTK ¥ ¥ MN 13
PNT ] X MN S
RPI X X fe x| MN1O
XIR 3 X MN1D
= MNET X X X X MN1O
=
= MIK x x MN11
1 MTH X MIN13
2
§ MAR X MN 13/MMN14
1%
m
= The-
E
5 rma-
T
= pigi X % X X MN 12
- PER ¥ ¥ MN11
m
7
£
= ALF b MN11/MN13
PIK X X X MMN12
i
F= CHO b MN12
o
PYW b MNS/MN13
Keras
2 ia X X x X X X x MN11/MN12
i
AHG X MMN11/MMNL3
HAL ¥ MN1Z
Rhodes | RHO b MNS/MNL3
] VTF X MN1T
&
w WoL X MN1T
u
L
b1 SES X MN1T
i
‘W
= DFM X MN17
Chios (THB) X MN 5
Kryopigi b X MN1D
Samos X X X K| x| x MN 12/ MN 13

RZI'RZI'IRavin de Zouaves RZO: Ravin de ZouaedPXM: Prochoma, VAT: VathylakBo®TK, DIT: Ditikb, 2

respectively, PNT: Pentalophos, RPI: Ravin de la Pluie, NKTL,NNkiKi Nikit2, MTH: Ano Metock,3, MAR:
Maramena, PER: Perivolaki, ALF: AlifaRals; Pikermi, CHO: Chomateres, PYV: Pyrgos Vasilissis, KR8slKRS
1, KRS, KRS8, AHG: Achmet AGA, RHO: Rhodes, VTF: VlaM@L: Volakas, SES: Sesklon, DFN: DafivéBo,
Thymiana B, SamoQx, Q5, Q6 MLN, MYT, MTLA, MTLB, MTiopo(los 2003Koufos 2006Kostopoulos 2009,

Lazaridis 201%Koufoset al. 2016 Xafiset al. 2019)
*Studied inpresentstudy
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Figure 10Localities in Greeda) and Axios Valley (bjth Giraffid assemblage4: Maramena, 2: Volax,

3: AnoMetochi, 4: Thermopigi, 5: Nikiti, 6: Kryopigi, 7: Pentalophos, 8: Xirochori, 9: Ravin de la Pluie
& Ravin de Zouavels 10: Ravin de ZouavBs11: Vathylakkos, 12: Prochoma, 13: Dytiko, 14: Dafnero,
15: Alifakas, 16: Perivolaki, 17: SesklonKiEash, 19:Achmet Aga20:Halmyropotamos, 21Pikermi,

22: Chomateres, 2 Pyrgos Vassilisis42Rhodes, 2 SamoaMytiilini localities, B: Thymiana, Z:

Gavathas

1.4 The GenuPalaeotragusand its Species

Palaeotragugxpanded from North Africa to Black Sea and from Balkans to China
and it especially thrived in the Turolian communities of Eastern Mediterranean.
Gt FEFS2GNF 3AAYIFSé Aa LINRPolofte | LRfeLKetSd
the species of the genuBalaeotragusAccording toseveral authors (Geraads 1986,
Godina 2002Houet al.2014, Danowitzt al.201%), Samotheriunspecies should be
LINPOIFOof& 3INRAzZLISR gAGKAY dathfFS2GNF I3AAY I S¢é
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Numerous species have been descrilmPalaeotragusromthS ht R 2 2 NI RQ4&
Miocene. Palaeotragus tungurensi€olbert 1936 is a Middle Miocene species
described from China districts. It is the old@stlaeotragusepresentative, although
it is not sure if it is valid (e.g., Solounias 2007). The type specimenstadeatd 285
11.2 Ma (Colbert 1936). Other Middle MioceRalaeotragugaxaare the smaksized
P. lavocatl SAYy 41 = mMdtc FNRY a2 NP&wePQrabinsoi ¢ | YR
CrusafortPais M T P FNB Y -8 dHakise 4l. Q@10). #ddaeotragus
germaini Arambourg, 1959 is a species described from the Late Miocene of Africa
(North Africa and Kenya). Unidentifi€laeotraguspecimens have been described
from Ethiopia Kenyaand Tunisatoo (Robinson & Black 1974, Bishop & Pickford 1975,
Nakayaet al. 1987, HaileSelassie 2009

The vast majority oPalaeotragusspecies has been described from the Late
Miocene of Eurasia (Figs 112). The type species Palaeotragus rouenioriginaly
from Pikermi(Gaudry 1861)that ischaracterized by small size and long, slender
metapodials. Another important and generally acceptedtaxon is Palaeotragus
coelophrysoriginally fromMaragheh,lran (Rodler & Weithofer 1890} ate Miocene
palaeotragnes include however, many more reported speciesPalaeotragus
microdonKoken 1885 from Shansi, ChinRalaeotragus quadricorniBohlin, 1926
from Samos, GreecePalaeotragus expectan8orissiak, 1914 from Sevastopol,
Ukraine,Palaeotragus paelwaePaviow, 1913 from Grebeniki, Ukrairf®glaeotragus
asiaticus Godina, 1975 from Ortok, KyrgyzstarRalaeotragus berislavicus
Korotkevitch, 1957 from Berislav, Ukrairféalaeotragus moldavicu&odina, 1979
from Starye Bogeny, Moldov®alaeotragus hoftgtteri Ozansoy, 1965 from Sinap,
Turkey andPalaeotragus borissialdlexeiev, 1930 from Eldari, Georgia. It should be
noted that the validity of all these specikasoften been questioned by some experts
(Geraads 1974, 1986). Others not only accept tvatr-segregation, but also propose
the presence of three sufjenera (Godina 1975, 1979). The taxonomlyaté Miocene
EurasiarPalaeotraguspecies will be later comprehensively discussed.

Palaeotragus priasovicussodina & Bajgusheyal985 and Palaeotragus
inexpectatus(Samson & Radulescd966 from the Eurasian PlPleistoceneare

considered synonyms with each other and wittitilanotherium, Macedonitherium
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and Sogdiamtherium speciesand they are all assigned BalaeotragugKostopoulos

& Athanassiol?005, van der Made & Morales 2011, Athanassiou 2014)

EUROPEAN LAND Palaeotragus coelophrys

Palaeotragus asiaticus
MAMMALZONES Palaeotragus hoffstetteri

MN Palaeotragus microdon
Age (Ma) ELMMZ Palaeotragus expectans

| c—
=== Paloeotraqus moldavicus
Villafranchian| MN16 === Palaeotragus berislavicus
34 MN15 === Palaeotragus borissiaki
Ruscinian mmsm  Pglaeotragus rouenii
MN14 Palaeotragus pawlovae
3 %3 - Palaeotragus quadricornis
MN13
Turolian
MN12
MN11
9
MN10 II
Vallesian
MN9
11,6 .
MN7+8
Astaracian
<NT
16 MN&

Figure 11Late Miocene EurasidPalaeotragushronologieexpansion

O Palaeotragus rouenii

. Paloeotragus coelophrys
. Palaeotragus microdon
O Paloeotragus asiaticus
O Palaeotragus borissiaki

. Palgeotragus hoffstetteri

. Palgeotragus paviowae
O Palaeotragus expectans

. Palaeotragus moldavicus

(") Palaeotragus berislavicus

‘ O Paloeotragus quadricornis

;

Figure 121 ate Miocene EurasidPalaeotragugeographic expansion (recovered in January 2020 from

NOW Database)
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1.5 Objectives of Present Study

The main aim of the present study is aeealuation of the fossils attributed to the
giraffid genusPalaeotragudrom the fossilsites of Nikitil (NKT), Pentalophos (PNT),
Ravin de la Pluie (RPI) and Xirochori (XIR), all of them including a Vallesian fauna. The
NKT material has been originally describe®akeotraguxf. rouenii(Kostopoulost
al. 1996) and later considered d&alaeotragussp. (Koufoset al. 2016). The PNT
material has been previously referred #®alaeotragus coelophry@Koufos 2006,
Konidaris 2013but never described. Thiarge-sizedPalaeotragusnaterialfrom RPI
has been attributed tdPalaeotragu<f. coelophysby Geraads (1978Wsing statistic
methodsand based mainly on dental and postcranial morphology and proportions,
the validity of the aforementioned taxonomy will be tested. As for the Xirochori
specimen, a classification will be suggested. In ordempraoperly classify those
specimens, a taxonomrevision of Late Miocene Eurasian large siPatheotragus

will be attempted.
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2. METHODOLOGY
2.1Description & System of Measurements

For the description of the adult dental material, the nomenclature proposed by
Gentryet al.(1999) is followed (Fig. 13). For the description of the decidimwer
premolars the nomenclature by Geraaés$ al. (2013) is followed (Fig. 14).

labial praemetacrista

postparacrista

paracone

{mesnstiie/ tabial ci labial
praeparacrista ¥ labial cingulum

metacane post,

parastyle

postmetacrista pardcong

metacane
metastyle praeparacrista

postmetacrista
anterior fossette — postarior fossette paraatyle

anterior cingulum

distal mesial
mesial

distal
spur fossette posthypocrista
pracprotocrista posthypocrista praeprotocrista

protocone posterior cingulum

neocrista hypocone medial crista
postprotocrista praehypocrista b hypocone
| entostyle
a lingual cingulum . i
lingual lingual
g
lingual
prasentocristid
mesial metas wrm

entocanid distal
‘| '||I postentoeristid

posterior fossette

postmetacristid

metaconid

praemetacristid “ entoconulid
i

- posthypoconulideristid
anterior fossette-f=
back fossette of m3

raeproctocristid
Rroep hypoconulid

anterior ::nguhd = praehypoconulideristid

protoconid

postprotocristid || / posterior eingulid

palaeomeryxfalte | Ipasm ypocristid
er:ost'.ulir:ll l hypoconid
c prachypocristid .
labial -

Figure 13Terminology of adult ruminant cheek teeth: (a) upper molar; (b) upper premolar, (c) lower
third molar (modified from Gentrgt al. 1999)

labial

hypoconid transverse CI'I‘SfId
hypocristid ~ < _

protoconid

protocristid
mesosinusid

hypoconulid - preprotocristid

hypocristulid ™~ ~ < _ —
~ 5 parasinusi mesisi

telosinusid = = = = = anteparaconid
e : - “anteparacristid
distal entoconid _ _ _ P
entocristid paraconid

o = paracristid
metasinusid -

postmetacristid =~ premetacristid

~ metaconid
lingual
Figure 14Terminology of lower deciduous ruminant premolar (modified from Gereiaals2013).
Lower dentition is noted by using the number of the tooth as an index, (d.ds

a lower first molar). Upper dentition is noted by using the number of the tooth as an

exponent (e.g. Mis an upper first molgr

16



The features that were measured, are the following: The length of the total
toothrow (LPM), the length of the premolar row (L#dthe length of the molar row
(LM). For each individual upper premolar, its len@ti) and its width (WB were
measured. The same was applied for the stadlower deciduous premolars. On
account of the upper molars, we measured their length {).Mhe greatest width of
their anterior (mesial)lobe (WaM) and the greatest width aheir posterior(distal)
lobe (WpM). The same measurements were taken for the lower molars too. As for
the Mz, which consists of three lobes, the measurementsidethe greatest width of
the anterior lobe (Walg), the greatest width of the middle lobe (WWi) and the
greatest width of the posterior lobe (Wpdyl All measurements were taken with a

digital caliper at @1 mm precision.

Terminology by Ricst al.(2016) is followed for the description of the metapodials
(Figs 15, 16). Terminology by Schmid @)9¥as usedor the description of the rest

postcranial bones.

Medial epicondyle Medial epicondyle )
(dorsal head) (ventral head) Pygmaios

N

Lateral epicondyle
1 (dorsal head)

Lateral epicondyle

(ventral head)
Lateral

epicondyle

Medial
epicondyle |

Lateral ridge IS it doe

Medial ridge Central trough

Pyramidal rise

YT -
Distal condyle
50 mm \ ; Y

Keel of distal condyle

Figure 15Morphology of giraffid metapodials: (1) metacarpal palmar view; (2) metatarsal dorsal
view; (3) pygmaios (recovered from Révsl 2016)
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ad

Figure 16 Morphology of giraffid proximal metatarsal (left) and metacarpal (right): (NC) os
naviculocuboideum facet; (CIL) os cuneiforme intermediolaterale facet (CM) os cuneiforme mediale
facet (HA) os hamatum facet; (TC) os trapezoideocapitatum facet; (S) syass@abdoptedfrom

Rioset al.2016)

For the measurements of the postcranial bones, slgetem of measurementsy
von der Driesch (1976) was usgtgs 1719).

& e ” —
-o——Bp”———l»'
Bd
<«—Bm— «—Dm—-»
' 4
Dd
! N . — Nt

Figure 17:System ofnetapodialmeasurements based on von dgfiesch (1976): (GL) Greatest
Length;(Bm) Breadth of the middle shaft; (Dm) Depth of the middle sfBff) Greatest Breadth of
the proximal end; (Dp) Greatest Depth of the proximal éd); Greatest Breadth of the distal end
(Dd) Greatest Depth of ttdistal end. The sam®y/stem of measurementgas used for all the long
bones(modified from Maniakag Kostopoulo2017)
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GLI DI Dm

Bd
Anterior View Proximal View

Figure 18 System of astragalus measurements based on vodesch (1976): (Dm) Greatest Depth

of the medial half; (GLm) Greatest Length of the medial half; (GLI) Greatest Length of the lateral half;
(DI) Greatest Depth of the lateral ha(Bp) Greatest Breadth of the proximal end; (Bd) Greatest
Breadth of the ttal end(modified fromRios 2018

Plantar View

Figure 19:System of calcaneus measurements based on voBdesch (1976): (GL) Greatest Length;
(GB) Greatest Bredd{modified from Pales & Garcia 1981

2.2 Studiedand Comparative Material
All the studied material comes from the collections of the Laboratory of Geology
& Palaeontology of the AUTh and takes part of the sklum of Geology

PalaeontologyPalaeoanthropology of AUTollections

19




C2aairfaqQ LK2G2a TFTNRY (K 8sconpéardtiednatgridl Y dza S dz)

for the morphology of dental and skull specimens: AeMNH, AMNH, AMPG, AUTNh,
CMNH, EU, MCML, MNHN, MSU, MTA, NHMWMENH NMNSU(curtesy D.S.

Kostopoulos)

The morphology of the studied postcranial bones was compared with
Palaeotrayus rouenii postcranias, from the sites Perivolaki and Nikiti That
comparative material also belongs to the collections of Maseum of Geology

PalaeontologyPalaeoanthropologpf the Aristotle University of Thessaloniki.

Measurements by Godina (197®om CRGEM, NMENH, NMN8$U, PIN, RSGU
and SIZK lliopoulos (2003)from AMPG, AMNH, NHMand several authojsand
Kostopoulos(personal measurements from the AMNH, MGML, MNHN, MMTT,

NMENH andHUM) were used for metric comparisons.

2.3 Sites

The fossil giraffid material studied in this work comes from four fossiliferous

localities of Northern Greece (Fig. 13).
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Figure 13.Thefour examined fossiliferouscalitiesof Northern Greecg1) Pentalophos; (2irochori;
(3) Ravin de la Pluie; (Mikiti (Photo recovered from Google Maps)
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2.3.1 Axios Valley

Axios Valley is located northwestern of Thessaloniki and contains numerous
fossiliferous sites. The first excavation in Axios Valley took place in 1915 by the French
geologist C. Arambourg. From 1972 until 20t Laboratory of Geology &
Palaeontology bthe AUTh,in collaboration with the universities of Paris and of
Poitiers (Pls: I. Melentis and then G.D. Koufos for the Greek part aledBaonis and
then G. Meceron for the French one) conducted long lasting systematic excavations
in the area unearthing thousands of mammal fossils from more than 10 fossil sites,
the most important ones being: Xirochori (XIR), Pentalophos (PNT), Ravin de la Pluie
(RPI), Ravin de Zouavks(RZI), Ravin de Zoua¥es(RZO), Prochoma (PXM),
Vathylakkos (VLO, VTK, VAT) Bitko-1, 2, 3 (DTK, DIT, DKrespectively. The sites
and their faunas cover the wholate Miocene(Table 2)their stratigraphic context is

given in Figre 14,

Palaeotragusnaterial from the sites PNT, XIR and RPI is examined in the present
master thesis. All those sites are included in Nea Messimvria formatgrsistingpf
alternations of gravels, sands, red clays, and conglomerates, which are dated to the
first part of the Upper Miocene, bearing a characteristically Vallesian fauna.
Specifically, the fauna from PNT is datedisée narly Vallesian (MN 9), while XIR, and
RPI are datedsLate Vallesian (MN 1@Koufos 1990, Konidaris 2013he faunas of
PNT, RPI and XIRahown in Tables 2, 3 and 4 respectively.
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Continental | pN Lithostratigraphy || Fossiliferous locations
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Pliocene
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7w Ditiko-1, 2, 3 (DTK,
= % DIT, DKO)

ellowish - grey sand, Marl, Gravels,
andy Marls, White - Yellow Limestones

Ditiko Formation

|

12

Turolian

o w g

o

=+ "4 Vathylakkos (VLO,
== VTK, VAT)
'I_?'

. "'_,ﬂ Prochoma (PXM)
S v ¥

11

ﬁ,fﬁﬂ F;;g; de Zouaves-5

hite - Yellow Alternated Beds of
arl, Sand, Gravel and Sandy Marl

\Vathylakkos Formation

. *_> Ravin de Zouaves-1
= - =(RZ])
-~ =~ = Pavin de la Pluie (RPI)

Z ==~ Xirochori (XIR)
10 PR

LateMiocene

Vallesian

. * = Pentalophos (PNT)

w
Nea Messimvria Formation
sands, Gravels, Red - Brown Clays

Figure 14:Stratigraphic setting of Upper Miocene fossil sites from Axios Valley (modified from Koufos
1990
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Table 2:The faunal composition of PNT (modified from Koufos 2006, Konidaris 2013). Species marked
in bold are included in the present study

Helladorcagyeraadsi
?Gazellasp.
Protoryxsp.

Tubulidentata
Orycteropus pottieri

Palaeogiraffa macedoniae
?Palaeotragus coelophrys
Ouzocerus pentalophosi

Proboscidea
Choerolophodon anatolic

Carnivora
Dinocrocuta gigantea
Protictitheriumcf. crassum

Artiodactyla Perissodactyla

Hipparioncf. sebastopolitanum
Hipparion macedonicum
Ancylotherium hellenicum
Chilotherium kiliasi
Acerorhinu<f. zernovi
oDicerog neumayri

Table 3:The faunal composition of RPI (modified from Koufos 2006, Kor2fd133. Species marked in
bold are included in the present study

Artiodactyla
Palaeogiraffa major
Palaeotraguscf. coelophrys

Palaeotragu<f. rouenii
Bohliniacf. attica
Mesebriacerus melentisi
Samotragus praecursor
Postrepsiceros vallesiensis
Palaeory»sp.

Eulipothyphla
Palerinaceusp.

Rodentia
Speromphilinusp.
Progonomys cathala

Carnivora
Metailurus parvulus
Adcrocuta eximia
Protictitherium thessalonikensi
Protictitheriumaff. intermedium
Hyaenictissp.
Eomellivora wimani

Primates
Ouranopithecus
macedoniencis

Perissodactyla

Hipparionsebastopolitanum

Hipparion macedonicum
Rhinocerotidae indet.

Proboscidea
Deinotherium giganteum
Choerolophodon pentelid
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Table 4:The faunal composition of XIR (modified from Koufos 2006, Konidaris 2013)

- Artiodactyla Proboscidea Perissodactyla

Palaeogiraffa pamiri Choerolophodon pentelic Hipparionsp.,
Ouzoceusp. dDiceros neumayri
Samotragus praecursor

?Palaeory»sp.

Carnivora Primates
Adcrocutaexima, Ouranopithecus macedoniensis
Protictitheriumcrissum,
Dinocrocutasp.

2.3.2 Nikiti

Nikiti fossiliferous assemblage is located at Sithonia, Chalkidiky close to the
village of Nikiti. Excavations have been carried out in Niikith 1990to 2005(Koufos
et al. 1991), when fossils discovered due to the opening of the road Nilitios
Nikolaos (Koufost al. 1991). The locatratigraphy(Fig. 19 includes two Formations:
Nikiti Formation consistingpf intercalations of pebbles covered by Fedown sands,
sandstones and finally red beds, and Nikolaos Formatarsistingof marls, marly

limestones, clays, sands and sandstones.

Nikiti fossil sitesare located into the upper part of the homonymous Formation,
within the red beds (Koufost al. 1991). Two fossil sites have been discovered: Nikiti
1 (NKT) bearinglate Vallesian fauna (last MN10) and Nikit2 (NIK) bearing agarly
Turolian (MN 11jauna (Kostopoulos & Koufos 1999, Koufos 2000, Vlachou & Koufos
2002).Palaeotragusmaterial from NKT is studied in this workhe fauna of NKT is

shown in Table 5.
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Fgure 15:Stratigraphic column of Nikiti Formationdicating the position of the fossil sites NKT and
NIK(recovered fronKoufos 201p

Table 5:The faunal composition of NKRoufoset al.2016). Species marked in loadre included in the
present study

Artiodactyla Perissodactyla
Helladotherium duvernoyi Hipparionaff. giganteum
Bohlinia nikitiae Hipparion macedonicum
Bohlinia attica BAOSNR&E ySdzyl
Palaeotragussp. Dihopluspikermiensis

Postrepsiceros syridisi
Hispanodorcasf. orientalis
Microstonyx major
Miotragocerusnov. sp.
Primates Carnivora
Ouranopithecus macedoniensis Hyaenidae indet.

2.4 Statistical Analyseand lllustrations

The PAST software (Hamnetral.2001) was used for the statistical analyses. The
programinkscapevas used for the dentalnd metgodial illustrationsprovided.The
programAdobePhotoshop was used for the processing of the studied material from
NKT, PNT, RPIGKIR.
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3. SYSTEMATIC PALEONTOLOGY

Order: ARTIODACTYLA, Owen 1848
Family: Giraffidae Grag821
(Subfamily: Palaeotraginae Pilgri®11)
GenusPalaeotragussaudry 1861

Type Specie$alaeotragus rouentbaudry 1861 from Pikermi, Greece

3. 1. Description
3.1.1.Site: Nikitrl (NKT)

Material ¢ A skull with two complete toothrows (NKI72); a left humerus distal
articulation (NK1L61); three left radii (NKT156, NKT159, NKT169); a right radius
(NKT155) aproximal part of radius (NKI67}) two right metacarpal$NKF137, NKT
141) a left metacarpal (NKL31) two proximal parts of left metacarpals (N&®,
NKTF67); aright tibia (NKT271), two distal parts of tibia (NKI50, NKT154), two left
astragali (NK'L63, NKI266) aright astragalus (NKZ67) two right calcanei (NKT
153, NK3268) four left metatarsals (NKI33, NKT136, NK1139, NKT160), two right
metatarsas (NKF138, NKF144) adistal part of a right metatarsal (NKIb1) three
proximal parts of right metatarsals (NKB2, NKT140, NKT168). The material is

illustrated in Plates -B.

Description- The skull(PL 1) is moderatelydeformed, and laterally compressed. It
preserves both toothrows but in the left one the molarg @am bad conservation status.
The mesial margin of the orbit reaches the level ¢f Jhe length from the mesial
edge of the orbit to the mesial root o 154mm. A pair of supraorbital ossicones

is present, both broken near the base. It carelssumed that the ossicones are placed
relatively centrally, although the skull is deformed. The basal anteroposterior

diameter of the ossicones is 43nm, while the transverse diameter is ~32 mm.

The labial side of the left molars is damaged. The toatisrare not very worn.

The Pand Pare circular lingually. Labially the parastyle and the paracorsari®
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well-developed. The metastyle is not welkveloped, so those teeth are flattened

labially and distally. The’Qand PQfassettes are wide and -shaped. However, in

the distal regionofthe®a F23aS0GS GKSNB Aa PRand®R LI2 O2Yy | f

the P*has a more pronounced metastyle. It is a msgeiared tooth than the fand
P3, as it is less convex lingually. Moreover, in the distgual part of BQ &  ihereiisS
a styk that reaches almost to the half of the cro@m® K Bidal Mtsifossette is wide

and simple.

The molars, especially Mind M, are slightly worn and have weleveloped
LI N> adet S LI NF¥O2yS NARoO6X YSazadef fat.l yR
In Mtand MPthere is a weak labial cingulum. Finally, there is a labia Btythe basis
of the metacone in M Linguallythe protocone and the hypocone are almost equally
prominent and of similar shape on the'Mnd M. In M the protocone is more
prominent than the hypocone. As a result, the mesial and distal lobes are of equal size
at Mtand M, while the mesial lobe isrger in M. Thedistal protocone andmesial
hypocone flanges converge in the middle of the tooth. The hypocone flangs tend
connect with the metastyle distally. In fact, ir®Mvhich is less worn than the other
two molars, the hypocone flange and thmetastyle are connected. Mesially, the
hypocone flange disrupts the mesial fossette and meets the postparacrista. As a result,
the size of the mesial fossette is limited, and the distal area of the protocone flange
reaches almost at the middle of the tdutMesially, the protocone flange is connected
to the parastyle. Both fossettes aredbaped. Only in the R very weak hypoconal

fold is observed. Dental measurements are given in Taéble
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Table 6:Dental measurementsf the toothrows of theNKT skulin mm) L: Length, W: Width

Measurements Code
NKTF172left NKTF172right

LPM 14141 146.1
LP 62.35 63.49
LM 85.1 84.9

LP 224 2161
WP 18.93 1891
LP 20.79 21.2

WP 235 21.18
LP 20.66 20.14
WP 27.26 24.72
LM 25.59 29.46
WaM! 27.8

WpMt 26.3

LMP 29.87 30.22
Wal? 33.29 28.14
WpM? 2825
LMVe 27.66 30.58
WaM? 14141 31.63
WpM3 62.35 27.68

The only available measuremexrfor the distal fragment of the humerus from
NKT(PI. 2)were the breadthand the depthof its distal end85.4 mm and 4094 mm
respectively) Its sizes intermediate betweerP. roueniand P. coelophrydt has the
same breadth with &. microdord LJISOA YSYy RS&aONAROSR o6& . 2Kf A
specimen, the olecranon fossa isep, wide and kshaped. Other features of the
KdzYSNHza | NB y28 SOARSYy( RdzS (2 aLISOAYSyQa

The radii(Pl. 3)are all elongated. They are relatively slender, being much
slenderer than those oP. coelophrysind slightly more robust tharhbse of theP.
roueni.! ISYSNIf RAFFSNBYOS Ay o06SG6SSy (GKS bye
fairly curved, while the other two are straight. The cross section of the bones is
crescentshapedii KNP dza K2 dzi 062y SQa f Sy Jdofakelly ahdd (G K S
straightcaud t f @ ® ¢KS (g2 SLIALIKeEaSaQ I NBSFa FNBX o

N O

they both tilt medially and laterally. In the specimen NIGB the olecranon is evident
but broken. It seems to greatly tilt laterally and distally. Traces of atemr are
preserved in specimens NKB5 and NKIL69 too. In the proximal articular surface,

the medial region is much larger than the lateral and it is either rectangular or it has a
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shape of a quarter of a circle, while the lateral region is quadrangtilz. medial
tuberosity is not developed. A tilted narrow crest divides the distal articular surface in
two equal subregions, representing the articular surfaces for the scaphoideum and
semilunare. They are both round and slightly concave. The semilunsi@csus
interrupted by a convex protrusion distally. In four of the examinedi@dtshaped
formation at thecranial part of the distal epiphysis indicates the presence of the

extensor carpi radialis muscleleasurements are given in Table 7.

The three best preserved metacarpal@l. 4)vary in length, however the
robusticity indices are similar and show that the metacarpalsamslenderas but
shorter than inP. rouenii The lateral and medial epicondyles are asymmetrical. The
lateral epicondyle has half the size of the medial, and it is of square or rectangular
shape. The medial epicondyle is circular dorsally and has an overall shape of a half
OANDE S 2 NirckIThdieHss fossa it the ntiddl©of the two epicondyles. That
fossa seems to continue in the medial epicondyle. The medial and lateral epicondyles
continue to the medial and lateral ridges respectively. The ridges are similar in width
and morphology.They are both rounded near the proximal end and they become
slenderer and sharper in the shaft area. The central trough is very deep near the
proximal end of the bone but becomes shallovesrd flattertowards the distal end
¢ KS UGNRdAzZAKQa& Howewal K cah e sailthdfitHe ongér dhe bone, the
wider is the trough. The pyramidal rise is absent in most of the specimens. Only in
NKTF137 seems to be a slight protrusion that could be attributed to the pyramidal rise,
however it is notprominent at all. The keels of the distal epicondyles are more
prominent palmary, and they also extend onto the distal end of the palmar side of the

shaft. Measurements are given in Table 8.

Three tibia specimens have been found in NIIT5) Proximally, the anglef the
sulcus mascularis is obtuse, relativelyBiasand CervusThe tuberosity is not clearly
evident, but it does not seem to be pronounced. The tibial crest, as in all ruminants, is
laterally tilted. The lateral condyle is somewhat damaged lateralicaanialy. In the
distal tibia fragment NKTI54 the cross section of the distal shaft is rectangular. In the
other two specimens this is not obvious, probably due to taphonomic processes. The

distal articular surface has a broad rectangular shape, aaditticular surface for the
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medial malleolus is quietly prominent. Tbechlear crestthat separates the cochlear
furrows, is moderately prominent; it createsaudally a very strong edge, while

cranialy the edge is wealMeasurements are given in Table 9

As for the astraga(P!. 6)the sizeof the NKTs specimens is intermediate between
the group of smallPalaeotragusand the group of the bulkyalaeotragusb Y ¢ Qa
specimens are rectangulam shape asthe lateral and medial lengths ad almost
equalsizeand they are not thick mediallyrhe proximal and the distal edges are of
similarwidth. The lateral and medial crests are equally thick, with the lateral pointing
posteriorly, and the medial slightly ity medially. Proximally, the tartrochlear
groove is shallow. The lateral side of the astragali is somewhat concave, forming a
greater depression distally. The dorsal side is smooth. The intertrochlear groove
begins in the distal edge of the astragali and leads to a plantar trianghégred
cavity. That cavity is prominent on NR&6 and NKIL63, while it is weaker on NKT
267. Finally, the two lateral crests and the two medial crests are both separated by an

equally shallow furrownMeasurements are given in Table 10.

Two right calcanewere collectedPl. 7) Their size falls intB. rouenirange. The
calcaneus NKI53 is bigger, having a more robust corpus than-R83. However,
NKTF268 head seems to be stronger relatively to the corpus, than the 8T Both
the dorsal and plantarrests are parallel to the bone axis. The calcaneal tuberosity is
prominent, however it is weathered in both of the specimens. In-R83 a medial
crest separates the calcaneal tuberosity from the rest of the calcaneal corpus. The
sustentaculum tali is som¢hat damaged in NKI53, while it is robust in the other
specimen. The proximglantar articular surface for the astragalus consists of two
concave surfaces, with the plantane being almost doublén sizethan the dorsal.
Medially, there is another axtular surface for the astragalus, which is fairly deep and
concave. The articular surface for the scaphocuboideum is plantarly located and
somewhat damaged in both the specimens. Dorsally, there is adee#loped,

articular facet for the malleoluseasuements are given in Table 11.

The metatarsalgPIl. 8)demonstrate a variation in both the total length and the

robusticity indices, as some specimens ther slender (with slenderness similar to
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P. roueni, whereas some others are extremely robusinjfr toP. coelophrygroup).
tK2aS RAFFSNByOSa 2y (GKS NRodzalySaa akaz2dz
taphonomic compression. For example, the extreme robustness of the specimen NKT
133 has been clearly exaggerated by taphonomic processes. The wwimpf
epicondyles demonstrate some differences. First of all, the lateral epicondyle is
smaller and subdivided in two regions, the dorsal andtaatar heads. In contrast,

AY GKS YSRAIFf LINRPEAYLFE SLAO2yRétS (GKA& &SL
heads represent the articular surfaces for the tarsal bones. The articular surface for
the naviculocuboideum bone is the largest, the articular s@fac the os cuneiforme
intermediolaterale has almost half the size of the first and finally the articular surface
for the os cuneiforme mediale is by far the smallest. The medial epicondyle has a
trapezoid shape. The lateral dorsal head is more circlae shape of the lateral
plantar head is intermediate in shape. The pygmaios is strongly reduced to absent.
The central trough varies in the studied specimens. However, it is significantly shallow
and it disappears towards the distal end of the bone. Instnaf the specimens it
disappears at about the middle of the shaft. The width oftifeeigh also varies and it
seems to follow the total bone width. The proximdimtarfossa is present, weak and
communicates with the centratough in the specimen NKI39 whereas it is absent

in the specimen NKI33, NKT136 and NKIL69. The bad conservation status of the
other specimens does not allow to identify the presence of that fossa. In contrast to
the metacarpals, a dorsaloughis evident it is deeper at thalistal end of the bone,
becomes shallower upwards and disappears at the proximal end. The distal end of the

metatarsals is similar to the distal end of the metacarpals. Postcranial measurements

are provided in Tableg12.
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Table 7:Measurements fothe NKT radifin mm) GL: Greatest Length; Bpreadthof the proximal
end; Dp: Depth of the proximal end; Bp&teadthof the proximal articular surface; Bdi@readthin
the middle of the shaft; Ddidepth In the middle of the shaft; B8keadthof the distal end; Dd:
Depth of the distal end

Measurements Code

NKF159 | NKF167 NKF156 NKTF155 NKT169
RGL 449 462 476 470
RBp 8242 88.05 |81.24 82.82 7145
RDp 53.25 4682 | 44.64 49 40.74
R-Bpart 67.95 73.83
RBdia 48.18 4825 |[5147 49.61 51.25
RDdia 36.03 3502 | 4164 33.26 30.77
RBd 7551 75.66 80.59 73.95
RDd 55.17 54.47 51.78 426

Table 8:Measurements for the NKT metacarpéitsmm) GL: Greatest Length; Bpreadthof the
proximal end; Dp: Depth of the proximal end; B&ieeadthin the middle of the shaft; Ddia: Depth In
the middle of the shaft; Bdreadthof the distal end; Dd: Depth of the distal end

Measurements Code

NKF141 NKF137 \ NKF131 NKTF67 NKTF26
Mc-GL 409 378 380
Mc-Bp 64.68 57.89 64.6 70.37 61.15
Mc-Dp 40.25 3271 46.55 39.63 41.28
Mc-Bdia 35.8 31.68 3279 423
Mc-Ddia 31.44 31.21 30.74 30.79
Mc-Bd 6341 60.26 61.65
Mc-Dd 3819 35.56 37.16

Table 9:Measurements for the NKT tibi&ia mm) GL: Greatest Length; Bpreadthof the proximal
end; Dp: Depth of the proximal end; Bds@eadthin the middle of the shaft; Ddia: Depth In the middle
of the shaft; BdBreadthof the distal end; Dd: Delptof the distal end

Measurements Code

NKF271 \ NKTF150 NKF154
T-GL 451
T-Bp 8257
T-Dp 82.07
T-Bdia 50.4 45.49 4778
T-Ddia 35.53 36.98 39.6
T-Bd 81.6 67.53 68.9
T-Dd 55.79 54.73 4577
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Table 10.Measurements for the Nkastragali(in mm) GLI: Greatest Lateral Length; GLm: Greatest
Medial Length; BpBreadthof the proximal end; DI: Lateral Depth; Dm: Medial DepthBBeadthof
the distal end

Measurements Code

NKTF267  NKT63 NKT166
A-GLI 78.58 77.83 78.64
A-GLm 70.75 7257 67.41
A-Bp 49.29 5201 50.17
A-DI 454 43.42 49.2
A-Dm 47.25 46.36 513
A-Bd 47.03 50.96 50

Table 11Measurements for the NKT calcafieimm) GL: Greatest Length, GB: Great&sadth
GAP: Greatest Anteroposterior diameter

Measurements Code
NKT268 ' NKF153

GGL 136.61 147.35

GGB 45.76 55

Table 12.Measurements for the NKT metatarséits mm) GL: Greatest Length; Bpreadthof the
proximal end; Dp: Depth of the proximal end; B&iseadthin the middle of the shaft; Ddia: Depth In
the middle of the shaft; Bdreadthof the distal end; Dd: Depth of the distal end

Measurements

NKTF NKF

168 151
Mt-GL 414 | 409 |386 |412 |415 |436
Mt-Bp 58.86 | 60.85| 5245 | 6276 | 595 | 59.46 | 56.44 5842 | 54.81
Mt-Dp 57.83 | 49.49 | 54.62 | 53.06 | 45.71 50.44 44.82
Mt-Bdia 34.22| 41.25| 3365|496 | 3335|3194 | 3848 | 40.73 | 40.98 | 32.8
Mt-Ddia 3358|3493 | 2968 | 28.75| 33.05| 30.21 | 36.3 | 31.35| 34 35.18
Mt-Bd 648 | 57.84| 6056 | 57.89 61.19
Mt-Dd 3849 | 353 | 4047 | 3568 | 3392 37.81

3.1.2 Site: Pentalophos (PNT)

Material ¢ Rightmaxilla with P-M3 (PNTF113); part of left maxilla with M-M3 (PNTF
165); anupperright P (PNTF161) upperright P-P*(PNTF162) upperright P-P; upper
left PP(PNTF164) part of right mandible with M-M3 (PNTF328P); part of right mandible
with dB-M1 (PNT121F) distal part of left humerusproximal parts of a right and a left
metatarsal (PN-L14F, PNL19F).The naterial is illustrated in Plates 5.

Descriptiong! £ £ GKS LINBY2f I NERQ fFoAFf NARoOoA | yR ai

are well developedPl. 9-11). The hypocone is not well developed, but it can be
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distinguished. The enamel is finely rugosed especwllythe lingual side of the
premolars. In some of the premolars a wad#lveloped lingual cingulum can be seen
(PNTF162, PNT163, PNT164). In the avéable Fand Pthe parastyle and paracone
ribsare close to each other and the enamel is folded in the area of parastyle towards
the paracone. Moreover, @se teeth are lingually rounded and thelelineate an
almost half circle from lingual to labial sidé& and Pare inflated at the basis. Thé P

of the PNTL13 toothrow has a prominent s&disto-labially, that reaches almost to

the 1/3 of the crow2 & K B th@dingle available*Rheparacone is more centrally
placed, however it is slightly fadd towards the parastyle. In addition, the tooth is not
rounded lingually, but triangularly shaped. The fossettes of thar® distorted, so
there are not a lot of things that can be said, except that they are wide. The fossettes

of the Pand P are alsowide. Theyshowa hypoconal fold distally.

The molars are typically giraff{é?l. 9, 10) The most prominent labial features are
the parastyle, the paracone rib and the mesostyle. The metastyle is weakly developed
in M*-M? and equally developed to theagpastyle in M. Lingually, the protocone is
more prominent than the hypocone, especially in thé Mhe mesial lobe is wider and
squared shaped. The distal lobe is narrower amate round. The fossettes converge
in the center of the tooth but they never fuse. The hypocone flange reaches almost at
the labial side of the molar, stopping just before the mesostyle mesially and the
metastyle distally. The protocone flange, reaches almagha parastyle mesially.
Distally, it reaches almost at the center of the tooth, meaning that it rests away from
the mesostyle. The enamel is finely rugosed in all the teeth. The molars efGENT
have a lingual cingulum, which is stronger in the mesta than in the distal. Even if
the PNTL165 molars are a little less worn than those of PINB, the basic features are
the same. Finally, the molars of the right maxilla specimen {PIS]J have a fine

cement cover, mostly labialli¥easurements of uppereeth are given in Table 13.

The right mandible (PN328F, PIl. 12 preserves only the molars. The most
prominent lingual characteristic is the metastylid, and then the metacoftie
entoconid is clear, but in contrast with the metastylid and the metacadhisinot welt
developed. In the distal, lingual side of the &hd M the entoconulid is clear but not

prominent. The entoconulid of the Ms completely separated from the hypocone
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region in the upper part of the crown. The same applies probably foetiteconulid

of M1. However, this is not certain as the tooth is more worn than the Me two
lobes of the molars are wetlistinguished. The praentocristid penetrates in the mesial
fossette, separating the labial and lingual side of the mesial lobdo€unid and
hypoconid are almost equally developed; bearsan ectostylid. I 2the ectostylid

is less prominentand absentn Ms. Finally, the hypoconulid is pointed labially and
parallel to the protoconid and hypoconid. Lingually, the third lobe o ¥s is
separated from the second one by a shallgwt clear, furrow. The teeth preserve a
fine cement cover. Cingulum appears strong on it weak on M. M3 has no
cingulum. The mandibular height at thei¥izlevel is 48 mm, while it is 5% mm at

M:Qa RA a il Measurgndefts areQ)ides in Table 14.

The right mandible with the deciduous dentitigRl. 13)consists of the series of
milk premolars and M The dRis of primitive morphology. The paraconid and
anteparaconid (=parastylid) are bayedistinguished from each other lingually and
mesially. The protoconid is thstrongestelement of the tooth and it is placed
medially. Distally, the entoconid and the hypoconulid are distinguished in the upper
part of the crown, whereas they fuse in tt@ver. The hypoconid is prominent, placed
more labially. The dfs a micrography of a lower ruminant adult premolar. Firstly,
paraconid and anteparaconid are pointed lingually and they are well distinguished in
the upper part of the crown, whereas theyse each other toward the base of the
crown. The metaconid and protoconid are the most prominent features (especially
the protoconid). They fuse distally and they are folded and oriented mesially. The
mesosinusid is lingually open. The distal and mesiat parthe dR are clearly
separated, in the area of the metaconid and protoconid fusion. The distal region
consists of the hypoconid, hypoconulid and entoconid. The hypoconulid is equally
developed with the protoconid. Hypoconulid and entocristid are dgtished in the
upper part of the crown but they fuse below. The metasinusid is clear but weaker than
the mesosinusid. The dRas the morphology of a threlbe molar. There are two
prominent ectostylids. The mesial lobe is distorted, although it seentsthabs and
stylids are weaker. In the two distal lobes the labial cones are equally developed. The

lingual ribs and stylids are weaker too, as they are in the mesial lobe. The distal flange
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of the third labial cone reach the lingual side of the toottne distal flange of the
second labial cone is also wdkveloped and it is placed next to the metastyiids

the feature that separates the second from the third lobe. FinallyQRorphology
agrees with the morphology of Mrom the adult toothrow escribed earlier; the
metaconid, metastylid, entoconid and entoconulid ribs are developed in some point
in the upper half of the crown. There is no cement neither cingulum. Dental
measurements are provided in Tabl®. Morphological features of thevery few
preservedpostcranias (Pl. 1415) are provided directly on the comparison chapter;

measurements are given in Tallé.

Table 13 Measurements of the PNT upper te€tlh mm) L: Length, W: Width

Measurements Code

PNF PNF PNTF PNTF PNTF PNF
113 165 152 163 161 164

LPM 13845

LP 595

LM 8214

LP 17.42 20.06 19.32 19.02

WP 19.54 18.73 19.54 19.17

LP 20.21 20.53 20.8 214

WP 21.2 21.65 24.37 24.1

LP 2047

WP 26.05

LM 26.8

WaM! 2813

WpMt 27.62

LIMP 30.1 28.6

Walr? 31.06 28.15

WpM? 26.8 26.23

LMve 29.36 31.64

WaM? 18.1 30.26

WpM?3 24.18 26.74
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Table #: Dental measurements of the mandible from RMTmm) L: Length, W: Width

Measurements Code
PNTF328F

LM 97

LM, 28.18
WaM, 18.55
WpM; 21.45
LM, 28.05
WaM, 2231
WpM, 235

LMs 38.08
WaMs 21.37
WpMs; 21.96
W3M; 16.7

Table 15:Dental measurements of the mandible with the deciduous teeth from(iARNMTm) L:
Length, W: Width

Measurements Code
PNTF121F

LdP 69.79
LdP, 15.82
WdR 8.38

LdR 2298
wWdpR 9.71

LdR 31.03
WadR 11.34
WmdPR, 16.23
Wpdp 16.14
LM, 28.88
Wai 2012
WpM; 20.06

Table 16:Measurements for the PNT metatarséils mm) Bp:Breadthof the proximal end; Dp:
Depth of the proximal end; BdiBreadthin the middle of the shaft; Ddia: Depth In the middle of the
shaft

Measurements Code
PNTF119- PNTF114F
Mc-Bp 62.98 60.39
Mc-Dp 60.75 57.58
Mc-Bdia 37.02 40.66
Mc-Ddia 37.2 3281
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3.1.3 Site: Ravin de la Pluie (RPI)

Material ¢! WK2NYyf SaaQ aidzZ t o6 A GHB; part ¢ kightk t & & 2 NJ,
mandible, with highly worn MM3(RPL104H An isolateduppermolar(Mor M?) (RR
315n) The material iflustrated in plates 14.7.

Descriptiong Although the skull is deforme@Pl. 16)it is evident that lackessicones,

and it demonstrates a flattened frontal region probably representing a female
individual. The parietal region is strongly compressed. The postorbital region is
elongated. The mesial border of the orbit reaches almost at the level of the cehter

M3. In the right side of the skull theuditory canalis evident and has the shape of the

o 2F I OANDESP® ¢KS fSy3aiK FTNRY (KSRisySaal f
15379. The height of the orbit is 3B8L mm, while the horizonta{caudo-rostral)

diameter is 5919 mm. Finally, the width of theegion of the frontal bone behind the

orbitsis 9536 mm.

The toothrowof the skulRP¥91Bisstronglyworn. The premola® & A $Riild¢ A a
to that of the molars (especially thevidth of P*). P and P are lingually circular.
Labially, the paracone, parastyle and metacone ribs are alldeeiloped. The
premolar fossettes demonstrate a slight hypoconal foltisPnore laterally flattened
than P and P and it is more acute lingually than the other premolars, which are
circular. It also demonstrates strong parastyle, paracone rib and metastyle. The
Y2ftF NRQ f | 0A I-develdded éspetiadlyswhahzampades fo PNT or NKT
molars likely due to adveced wear stage and damages during and after fossilization.

Finally, little quantity of cement is observed labially.

The mandible RPLO4AKPI. 17)preserves only the molars. The mandibular height
is 48,9 mm at the level of MM2and 536 at level of the dstal lobe of the M. The
lingual ribs seem to be very weak thoute dentition is in very advanced wear stage.
Labially, MQad f 206Sa I NB LBAYHSRSOSYNBT &t RIKET & L
whileMsQa f 206Sa | NB Y2 NBQR talRobeiis poirited tdthplefely SR ¢ K €
distally. The distal lobef M3 is separated lingually only by a slight groove, although
the separation is clear. Cingulum and cement are absPental measurements

provided in Tables 118.
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Table 17Dental measurementsdm the toothrows of the RPI sk(ith mm) L: Length, W: Width

Measurements Code
RP191 left RP91 right

LPM 15225 1474
LP 68.68 6281
LM 94.07 8541
LP 18.82 22.88
WP 20.44 20.62
LP 2161 21.25
WP 23.67 2261
LP 21.14 19.21
WP 26.04 26.64
LM 24.82 23.96
WaM! 26.85 2742
WpMt 26.28 26.85
LMP 285 3051
Wal? 29.21 287

WpM? 2781 27.38
LMve 28.63 2847
WaM? 28.18 2641
WpM3 2459 2241

Table 18 Dental measurements from the toothrows of the RPI mandiblenm) L:Length, W: Width

Measurements Code
RP1104

LM 89.59
LMy 2492
WaM 17.09
WpM; 17.38
LM, 25.8

WaM; 18.3

WpM, 19.24
LMs 39.15
WaM; 18.89
WpM; 1991
W3M;3 10.97

3.1.4 Site: Xirochori (XIR)
Material ¢ Part ofright mandible with M-M3 (XIR24)

Descriptiong The morphology of XIR2dnd M (Pl. 18)is almost identical to that of
RPI, although the teeth from XIR are less worn. As a result, a very strong metacon
lingually observed. The lingual ribs and stylids are not-alkeloped. The only

prominent element is that of the metastylid. The second and third lobe of tbar®
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distinguished by a very shallow groove, as in RPI. Labially, the protoconid and
hypoconid are both fairly sharper inJéhan in Ms. All the lobes are pointed distally.
Onedifference between XIR and RPI teeth is that the third lobe g§Mointed more
distally in RPI. A weak entoconid is observed i Mstrong entoconid is observed
between the first andhe second lobe of M while a weaker one between the second
and the third lobe. Neither cingulum nor cement is observB@ntal measurements

are provided in Table 20.

Table 20Measurements of the XIBwer teeth (in mm) L: Length, W: Width

Measurements Code
XIR24
LM, 26.93
WaM, 19.55
WpM; 19.04
M3 40.33
WaM; 20.06
WpM; 20.00
W3M; 11.95

3.2. Comparison
3.2.1 The taxonomy of Late Miocene EurasRalaeotragus

Assessing relationships inside Late Mioc&aaeotragusrepresentatives is a
difficult task. A variety of species were described in the lat® a8d early 2
centuries, in a time when the communication among different scholars was difficult.
Since then, just a few comprehensive studies have beeblished in order to
understand Palaeotragussystematics andgohylogeny (e.g. Godina 1979, Geraads
1986), althoughPalaeotraguss the most common giraffid genus in the Late Miocene

of Eurasia.

GenerallyPalaeotraguspecies are distinguished by means of giz&vo groups
ODSNI I Ra wmMdpTtnX DSNIIFRa wmMopyc>X LfA2LRdz 24
Kostopoubs 2009). The first group contains the snsledPalaeotragus rouenii, P.
microdonand P. pavlowaeFor that group the namé t ® NJBraizf iggerdesally
used Those specieare characterized by their small size and their long, slender

metapodials. Thesecond group contains the large sized spedidaeotragus
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coelophrys, P. expectans, P. borissiaki, P. hoffstetteri, P. moldavicus, P. aarmaticus
P. berislavicuShe namai t ® O 2 Sfodlisicdalysuggested for that grougP.
coelophrys 3 NeRcHatacterized by the relatively larger size and the existence of
AK2NI SN YR Y2NB NP oORizdueniy SIINRIIA R | f & GKIy O
Another bulkyPalaeotraguss P. quadricorrg, from the Turoliamf Samos. It is
claimed to be distinguished by having a second pair of ossicones, although it is not
certainwhether this pair really existed at all or if it is a misrpretation based on the
swollen supraorbital frontals due to extended frontal sinué€ésstopoulos 2009As
for Palaeotragus quadricorniBosscheErdbrink (1977), Geraads (1986) and Gentry &
Heizmann (1996) regard it as synonym withcoelophryswhile Geraads (1978) and
Hamilton (1978) consider it as a valid species mainly becaus@eokupposed
presence of two pairs of ossiconéBalaeotragus quadricorniglso belongs tax t @
02 St 2 gsuplk & ¢
Inside thed t @ N@algStileivalidity oP. pavlowads doubtful, because of its
scarce specimens. On the other hand, a distinction leetw. roueniandP. microdon
is considered solid, due to a number of morphological differences (Hamilton 1978,
Y2ail2L2dz 2a 9 { I NI ce é&n®p N@adrwil®adt Gelfugiery 2 Ye 2 F

discussed.

Asforthed t ® O 2 fodp| dkrieBvéork by Geraads (1974, 1986), niot
detect any differences among its members. He considers all these taxa as synonyms,
proposing that they should beferred toasP. coelophrysalthough he recently

recognized the need & deeger revision (Geraad2013).

On the other hand, Godina (1979) has a different point view. Firstly, he considers
features, different than the species size, as more important. In his study three
subgenera are propose®alaeotragus (Palaeotragusyhich containg”. roueniand
P. pavlowae, Palaeotragus (Yuorloviahich contains?. coelophrys, P. microdon, P.
asiaticusand P. hoffstetterj and finallyPalaeotragus (Achtiaria)yhich containsP.
expectans, P. borissiaki, P. moldaviensl P. berislavicus. Palaeotragus (Achtiaria)
representatives demonstrate a short cranial face, their diastema is shorter than their

toothrow and the inner wall of their s not continuous. According to Godina (1979)
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those features differentiate them fronPalaeotragus (Yuorloviagepresentatives.
Fnally, Palaeotragus (Palaeotragusjbgenus is characterized by sraakize, the
front skull is elongated and the diastema length exceeds that of the dentition. The

continuousinternal wall of Ris either present or absent.

D2RAY I Q& 06 ™ dTinhof vigwlisbgRitg Bovdbifd. Fitsiy, most of the
ALISOASEAQ Gel)ls YFGSNAIE R2Sa y20 O2yidlFAy (K¢
based for attributing relationshigdistinctions Original description of several of these
species used different featas. Additionally, the material scarcity of some of the
species does not allow the characterization of the proposed features as valid. For
example, while Godina (1979) repeatedly used features of the mandible to assess
relationships, for some of the propodespecies only one mandibular specimeas
knownat that time per specigsawhile for some others thereiere not even complete
manditular specimens preserve(lTab 21). Thus, it is impossible to know if those
features differentiate really betweereported species, or if they are just a reflection
of intraspecificvariability. Furthermore while Godina (1979) uses the morphology of
the R as a diagnostic feature, he alsentions that its morphology varies even within
the same species. Hence, that feature canbetconsideed as valid.Lastly, he
morphology of the ossiconeésused by Godina (1979) to distinguish some of the bulky
Palaeotragusspecies That characters also doubtfuj not all species are known by
their ossiconegTah 21). E.g.,no ossicones specimens are known Rorcoelophrys
The type localities with theame of the authors and the original designatiarighe

Late Miocene EurasidPalaeotragusre givenin Table 21.
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Table 211 ate Miocene Eurasidpalaeotragusinformation about the type material ¢f. microdon
could not be recalled.” No holotype was citedAohoffstetteriby Ozansoy (1965).

Type locality Orther Beds

Akkasdagi, Corakyerler,
Evmie Akpakiy, Kavakdens,
kemiklitepe [1,2), 3nap
[Turkey) Belics, Grebeniki,
Nave-Elizavetovka
e rowrenil Gaudry 1861 Pikermi, Greece Polasabrgus rouenil | Incomphete male skull ::?r:r:;:f:!ri:l::r;::llrnlduuj
Hadjimove-1, Kalimanci 2,
|Bulgaria) Deytiko 2,
Kerassia, Eryopigl, Mytilini
14, 1B, 4, Perivolaki
[Greeoe)
Grebeniki, Comelopardalls Lower part of the facial part of
P-poviowoe | Paow 1913 | )y pine parve the skl with teeth Kemikiitepe (4-8, O} Turlcey
- Chongan, Hezheng:
Dashengou, Ho-qu-114,
Hugmian-andecun, Jileng,
Jngar-Yaogou, Lantian-42,
Lantian-44, Lantian-
Shuijiazui, Lantian-
F. microdon Kaoken 1885 Shansi, China r":';;:‘nh shuifagui-sd, Fao-Te-
Lok 108, Pao-Te-Lok 109,
Pao-Te-Lok 30, Pag-Te-
Lok 49, Qingvang-lak.115,
Qingyang-
Lok 116, Sengihan-Loc. 3,
'\'anﬂla:han [China)
Rawvin de la Pluse, Samos
[Gresce) Injana (Iraq),
Kasutehik Dagh (Syria),
‘Garicin, Kink & Matmutgazi,
P. coelophrys ﬁli;?er 1850 Maragheh, bran M".'“Mr::_! Incomphete female skull Sinap 1 (Turkey] Eldaril
(Geargia) Sevastepal,
Berislay (Ukraire), Pao-Le-
Tok, Songshan-Loc, Wu-
Hiibg-Log (Chinal
Kadmakpaj, Gusimey
Polowatrogus Perehyat, Paviodar,
P. asiaticus Goding 1975 Ouiok, Kyrgysztan (Ywarfowa) Part of upper jaw with P2-M3 Karabulak Svita
aslatious [Kazakhstan), Pristeshient
district (Uzbekistan]
. Levastopol, o Warnitsa [Moldova)
P, expectons Borissiak 1948 | L Achtiario expectans | Skull (Lectatype) ZTheltokamenks |Ukraine]
Folpeatrogus
P berisfovicus mrl;thﬂm'h Berislaw, Ukraing {Achtiaria) Mandible
195 berislawicws
Palpeatrogus
P, moldovicus | Godina 1579 ::E:‘:"*“’ {Achtiaria) Part of mandible with P&-M3 | Respopeny [Moldava)
rrekdiEviius
P boffstetter Cransoy 1965 Sinap, Turkey Palaeatragus
' boffstetteri
o . Part of mandible with F2-83
P bovissiokl Algagjew 1930 Eldari, Georgia Achtiania borissiaki {Lectotype)
P. quodricornls | Boblin1926 | Ssmos, Gresce Polowatragid | g
Guedricornis

The validity of previous assumptions is tested here through a set of biometrical
comparisons combined with morphological features. The specimens from NKT, PNT
and RPI are also included. When the sizes of the toothraxese examineda clear
trend was observed (Figs-16). The Late MiocenEurasiarPalaeotragusare indeed
distinguished in two different size groups; the first one cont&akeotragus rouenii,
Palaedragus microdonand Palaeotragus paviowagin contrastto G2 R A Y1979a

point of view which share smabized toothrow. The second one contains
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Palaeotragus coelophrys, Palaeotragus hoffstetteri, Palaeotragus moldavicus,
Palaeotragus expectans, Palasagus borissiaki, Palaeotragus berislavicus,
Palaeotragus asiaticuand Palaeotragus quadricornisience, the distinction of the
G662 &A1 S PF NBedillal FOBDHOPhnE INR dzLJA UV &aSSya (2
Insideat ® O 2 SgroApLbikwWeked ¢he speciePalaeotragus expectarsnd P.
borissiakihave thelargesttoothrows, while the other species have smaltkmtition.
Nevertheless, the material d?alaeotragus expectarsnd P. borissiakis so scarce
(Tab. 21) that a distinction basd on the toothrow size is quietly doubtful; the

observeddifferences could just reflect intraspecific variation.

+ Pentalophos
Nikiti
° Ravin de la Pluie
65 P. rouenii
P. microdon
® P. coelophrys

X Q P. cf. coelophrys
X P. hoffstetteri

&0 [eXe] + e} @ p_asiaticus Ortok
1 P. paviowae

50

454

10 115 120 125 130 135 140 125 150

Figure 16:Scatter plot with measurements of upper toothrows of seveedheotraguspecies(LPM)
Total toothrow length; (LM) Molar row ejth.

-+ Pentalophos
Ravin de la Pluie
P. rouenii
P. microdon

@ P. coelophrys

Q p. of. coelophrys
X P. hoffstetteri

® @ P. asiaticus Ortok
X P. asiaticus Kalmakpaj
“ o [ P. asigticus Paviodar
1 P. paviowae
1 & + X
oo o P. moldavicus

O & P, berislavicus
p. s

[m] ® P. borissiaki

P. sp. Kerasia (lliopoulos 2003)

[
O

75 & & o 95 100
™

Figure 17:Scatter plot with measurements of lower toothrows of sevPedheotraguspecies(LM)
Molar row length; (LN8) Lower Mlength.
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On the other hand, when the postcranial material was examined a different
pattern was revealed. While the representativescot ® NBroaf gidclistered
together, large sized taxa oft @ O 2 Sytodplaké Nibdivided in two subgroups.
The first onancludesthe specief?alaeotragus coelophrys, P. expectans, P. borissiaki,
P. hdfstetteri and P. moldavicusvhich share the feature of larger postcranial bones
FYR 2F &AK2NISNE Y2NB NRodzald YSUOFLR2RAIFfadD ¢
seem to be important, firstly because of the scarcity of the material and secondly
because overlapingis observed amongiffierent species. The second group inclade
the species ofPalaeotragus asiaticuand P. berislavicusvith smaller postcranial
bones, and longer, slenderer metapodiglBigs 18-21). It could be said that
Palaeotragus asiaticuand Palaeotragus berislavicume intermediatePalaeotragus
species, on account of their siaad proportions In fact,P.asiatiauswas inducted in
P.rouenE IANR dzLJ 2y | OO02dzy i 2 HFigkf).a YSGl Gl NBFf &AQ

R-Belia

400 420 440 460 480 500 520 540 560
R-GL

Figure 18:Scatter plotof radiimeasurements of severBalaeotraguspecies(RGL) Radius greatest
length; (RBdia) Breadth in the middle of the radii shaft.
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nikiti
P. rouenii
® P. coelophivs
@ P. asiaticus Ortok
P. moidavicus
< P. berislavicus
. P. expectans

B 60 &5 70 7 80 85 30
T-8d

Figure 19:Scatter plotof tibiae measurements of severBalaeotraguspecies(T-Bd) Breadth of
tibiae distal part; (iDd) Repth of tibiae distal part.

Nikiti
P. rouenii
[ p. microdon
® P. coelophrvs
O p.df. coelophrys
> P. hoffstetteri
@ . asiaticus Ortok

&5

[] P. asiaticus Pavlodar
P.
o Qe 1 P paviowae
P. moldavicus
° ] & P. berislavicus
) ] O P. expectans

55

A-Bd
[ ]

E L]

454

40 O

T T T T
70 7 &@ & 90 ES

AGLI

Figure 20:Scatter plotf astragalimeasurements of severBhalaeotraguspecies(AGLI) Astragalus
greatest lateral length; (/d) Breadth of astragali distal part.
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Figure 21:Scatter plotof metatarsalmeasurements of severBalaeotraguspecies(Mt-GL)
Metatarsal §2eatest length; (R.l) Robusticity Index. The R.I. is given by the following formula:

Y8@ x100

The validity oP. asiaticugannot be tested decisively. As register®d asiaticus
demonstratesrather slender and long metatarsals that cannot be distinguished by
those of P. roueniiand a dentition that 4lls in the lower range ot ® O2 St 2 LIK NE & ¢
group. However, no metatarsals have been collected from the type locality (Qrtok
Kyrgyzstan The Ortok matev £ O2y il Aya Gg2 dzZIILIENI RSy (A
coelophrys 3 NR dzils), so@eé\ Bolatedupper and lower teeth that are
intermediate in sizewith someapproachim better (i 2P. doelophrys 3 NhitielJ
othersbeing closdo the upper range oft t ® NFralay(Fige2R-24) | P.croueni
group astragalus (Figob = 'y Ay (G SNY SRPlIHrouéni NARR d&)E 6 CA A®HS
and two intermediate tibiae (FidL9). Another locality wherd®. asiaticushas been
F2dzy R A& R.to@hi2 RA-NBdzLD Y&S (b I | iNE&dkldpdrgs C A Bl@ dzhJ
astragali (Fig.® and some lower isolated teetmtermediate in size bubf 2 a ®NJ (2 «&
coelophry$ IANR @AKIO@S FadS Sy RS a ONB mbrie FYNROVE Gl KNSENIE
(Fig. 20 | yPRcoélophins f 2 ¢ S NJ Idd@h/14 Uinii) he¥e/bean described
from KalmakpajKazakhsta® CA y P.frduén& ¥ Sl G NBEIf Kl a o06SSy
from Pristashkent districtUzbekistan(Fig. 4). Wethink that the described material
attributed to P. asiaticuss too scarcefor any reliable conclusiornt could reflect the

co-existence of &. roueniiand aP. coelophrypopulation in areas such us Pavlodar
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and Kalmakpaj and a population siallerP. coelophry®r other taxonin Ortok.

Therefore, more research is needed in order to classify that material.

w4

+ Pentalophos
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P. rouenii

K| [ p. microdon

Q p. d. coelophrys
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1 P. paviowae
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Figure 22Dimensions of fof severaPalaeotraguspeces. (IP4 Length of £ (W) Width of P.
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Figure 23Dimensions of Wof severaPalaeotraguspecies(LMB) Length of M; (WM3) Width of M.
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Figure24: Dimensions of Nof severaPalaeotraguspecies(LM3) Length of M (WM3) Width of M.
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ConcerningP. berislavicusall its but scarce specimens come from a single site
Berislay Ukraine It could be described as a palaeotragine with a lakgatition (Fig.
INFYR &f SYRSNJ YSUFLR2RALFf &X PArgiénd NESBRIEAIT S Ay
GP. coelophrys 3 NEg@A).JOtherP. berislavicusJ2 & G ONJ YAl f SR.SYSy (&
rouenie IANR dzLIP { LISOATFAOFffes GKIFIG Aa MNBGSIEESR
astragali(Figs18, 20). It could beassumedthat there is a higher possibility thd.

berislavicuss a valid species, &dullfils the homogeinity criterion at least.

3 comprehensive examination of illustrations of the dental morphology of
numerousLate Miocene EurasidPalaeotraguspecies did not reveal any important
difference. The main reason is that dental features of the type sp&a&seotragus
roueniishow a remarkable variability. For example, the upper premglegsent a
number of morphatypes; having either wide, simple fossettes or narrowskiéped
fossettes; Bs with one lingual stgl(similar to that of NKT), others with two or none,
andsemicircular shaped or square in occlusal view. As for the upper molars, these
are quietlyconservative inside Giraffidae in general. Their morphology cannot be
distinguished among different generBdlaeotragusipper molars compared to that
2 T U Dkabi@johastonand Giraffa camelopardal)s The same goes for the

lower molars.

The lower pemolars show some variatigifrigs25-26). They have been used as
a source of taxonomic information for palaeotragines in the past (Hamilton 1978,
Godina 1979), so they are examined more carefully in the present study. On account
of P4, the degree of the Anolarization varies, although it seems to vary inside the
same speciefe.qg, different P. coelophryspecimens from Mardgeh (MNHNMAR
669, MAR528)] The same goes for the proportions of the two lobes of the
molarized Bs[e.g. RQ& f 20 S & tBheBEmensRR. fodeSilkB yikermi
have different relative siz€MNHNPIK1671, PIKL675)] The aforementioned

differences are demonstrated in Figurb. 2

As for the B, the variability of its morphology is remarkablieP. rouenimandible
MNHN PIk1671 from Pikermi,the paracristid and anteparacristidf P; are not

distinguished. The metaconid is massive, while the protoconid is weak. The
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premetacristid is massive todhe postmetacristid is underdeveloped relatively to the
premetacristid. The typoconid is prominent. Distally, the entigtid and the
hypoaistulid are equally developedrhe mesosinusid, metasinusid and telosinusid are
very weak A P. roueniiP; from Cimislia(Godina 1979has a completely different
morphology.In contrast to thePIk1671 Bthe paracristid and anteparacristid are
clearly distinguished, although they are not well develogdte metaconid is massive,
although the premetacristid and postmetacristid are separated by a deep grobee.
premetacristid is much more dewmed than the postmetacristidihe hypodstulid

and entocistid arenot fused and theyend tofuse distally with the postmetacrististid
while they are much longer and weaker than thos&dHNPIK1671 The telosinusid
isalmostabsent, whereas the metasinusid and mesosinusid are promimerthe P.
roueniimandibleAeMNHMTLB226 the paracristid and anteparacristid are separated
by a very slight groove, resembling thatrRofrouenifrom Cimislia. The premetacristid
and postmetadstid are completely absent, as well as the transverse cristid. As a
result, the metaconid is the only prominent lingual feature. The protoconid is well
developed. The mesosinusid is also vdelVeloped. The metasinusid and telosinusid
are prominent too,although they are less developed than the mesosinusid. The
hypocristulid and entocristid are distinguished, as in €inN I3 QU much shorter.
Finally,in another P. roueniiP; from Samogin the mandible PIN293) a different
morphologyis observed It resembles more that of Pikermas the paracristid and
anteparacristid are fused.h€& mesosinusid isery well-developed in contrast to
MNHNPIK1671 The metaconid is not so massive and the premetacristabsent.
The postmetacristid is weake{atively to P. roueniifrom Pikermi). The metasinusid
and telosinusid are very weak too, although they are prominent. The @stmcand

hypoaistulid resemble that of Pikermi.

As forP. coelophryd?;, the Ps from the Maraghehmandible MNHN MAR669
showsa more primitive morphology. The metaconid is much more prominent than
the protoconid, which is very weak. The transverse cristid is also massive. The
premetacristidexist here and it isdistinguished by a groove from the metaconid.
Paracristid and antepacristid are fused, and they almost fuse mesially with the

premetacristid. Thus, the mesosinusid is closed lingually and it is prominent. The
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metasinusid is much weaker than in the other Maragheh specimen. The hypoconid is
weak. The hypocristid and entaristid are equally developed, and between them a
prominent telosinusid existsA Ps from a Palaeotraguscf. coelophrysirom Chinais
completely different than the two aforementioned, as it is molariZAMNH26363)
Finally, &% from a largePalaeotragusrom Samogin the mandibleCMNHCM-370),

is completely different than all the aforementioned. Mesially, the paracristid and
anteparacristid are not fused to each other. The metaconwaak Instead, there is

a groove that separates the praatacristid and postmetacristid. The hypoconid and
protoconid are well developed, while the entocristid and hypocristid are fused
together. The mesosinusid is large. The metasinusid is prominent, yet weak. The
telosinusid is absent. Twa$of Palaeotragusexpectandrom Varnitsa resemble the

first described morphotype fronMaragheh Ps. A P. microdonPs; is somewhat
molarized(in the mandible AMNF26360)

To summarize, neither the morphology cfi®a reliable character, due to its
variability.lllustrations of RQa Y2 N1LJK2f 238 I NS LINRPJARSR Ay C

/| 2y Of dzRA y Pz coclophid (1 KISP. dehdbphrys, P. expectans, P.
borissiaki P. hoffstetteri, P. quadricornand P. moldavicuglo not seem to differ,
based on the material examined in theesent study. Hence, all these species are
considered synonyms/ore research is needed to support the validityRofasiaticus.

P. berislavicuseems to be a valid speciedthough further investigation is needed

as well
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lingual

distal

labial

Figure B: P morphology of variou®alaeotraguspecies(a) P. roueniiPs from PikermiP1k1671) (b)
P. roueniiPs from PikermiP1k1675) (c)P.coelophrysPs from Maragheh(MAR528), (d)P.
coelophrysPs from Maragheh(MAR669).

lingual

distal

Figure B: Ps morphology of variou®alaeotraguspecies(a)P. roueniiPs from PikermiPIk1671) (b)
P. roueniiPsfrom Cimislia (Godina 1979); (@) roueniiP:from SamogMTLB226)(d)P. roueniiPs
from SamogPIM293) (e)P. coelophry®s from Maragheh(MAR-669} (f) P. cf. coelophry®sfrom
Shans{AMNH26363) (g) P. quadricorni$s from SamogCM370); (h) firstP. expectan§s from
Varnitsa; () secondP. expectasPs from Varnitsa; j) P. microdorPs from KansUAMNH26360)
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3.2.2. Comparison of the Greek Vallesian lafgalaeotragus
3.2.2.1 Nikitt1 (NKT)

¢tKS OlFLasS 2F byYe¢eQa YFOGSNRAFE Aa AyGSNBadAy
aAl S ' yR Of Baladhfrayus 6o8l6pBrgs3 3 fERdA®L7). On the other
hay R bY¢ LIAGONI YyALFE YI (S Rdatofragus doueidINE L2 NI A
group (except the specimenNKTF133 and NKT160 which are considerably
compressed, giving the impression of a more robust bone) creating a subgroup, with
slightly shorter metapdials than those of other largealaeotragugepresentatives
(Figg 21, 27). Other exceptions are the specimeNKTF138and NKTL39. NKT138is a
damaged specimen that groups together withroueniias it is fairly longnd slender,
while the NKT139 is slender but it is relatively shorter, having a length that
approaches that oP. coelophrygroup. Based on the metatarsals, it could be assumed
that NKT material could be attributed to a population which is closeP.tmuenii,
although it is distinc{Fig 21). The two specimens (NKIB8and NKT139) could just
reflect the diversity inside that population. Metacarp&ism NKT are scarcer than the
metatarsals, although it seems that they follow the same rule, beinglaginm
slenderness with those d®. roueniibut shorter (Fig. Z). That feature, of slender

metapodials, but shorter than iR. roueniiis shared withP. berislavicus.

Nikiti
P. rouenii
®P. coelophrys

350 360 370 380 390 400 410 420 430 440

Figure 27 Scatter plot of metacarpadroportionsof severaPalaeotraguspecies(McGL)
aSalr OF NLI f & Q (RINBHustiGnaiidext Sy 3G KT
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Concerning the morphology of the metacarpals, there are numerous differences
between NKtaxon andP. rouenii(Fig. 28) Proximally, the bone protrusion which
separateghe medial and lateral epicondyles is much more intense.imuenithan
in NKT. Moreover, the medial epicondyle is of trapezoid shape and the lateral
epicondyleis of square shape iR. roueniiwhile they are of haitircle shape in NKT.
As a resultthe proximal articular surface has a trapezoid shag.iroueniand a hal
circle shape in NKT specimens. Dorsally, the shatft is parallel to the bone axis medially,
while the axis of the bone and the shaft are angled lateralRy.irouenii That featue
is very prominent proximally and it could be said that the cross section of the shaft
KFra | akKlFhS 2F | NAIKG GNAFy3IESoe ¢KS alys
although it is much less prominent, and as a result, the cross section of the shatft i
more rectanguldy shaped. Palmary, the central trough extends throughout the whole
bone inP. roueniireaching at the trochlear, although i$ considerably shallower
distally than proximally. On the contrary, in the NKT metacarpals, the central trough
seems to disappear at about the 1/3 of the bone distally. Thus, the distal and palmar
side of the bone is completely flat in NKT. Distally the lateral condyle, seems to extend
slightly more laterally irP. roueniithan in the NKT metacarpal. Finally, dilstaand
dorsally, the shaft is somewhat more curvedPinroueniig KAt S Ay bY¢Qa YSial

is more flattened.

Figure 28:Comparison of proximal metacarpals epiphyses. Peftaeotragus rouenifom NIK; Right:
Palaeotragugrom NKT.

Concerning the metatarsals, proximally there are numerous differences among

NKHorm andP. roueni(Fig. 29) At first, medially the proximal articular surface is
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continuous inP. roueniiwhile in NKT it is separated by a groove in the point

between thetwo heads. Hence, the two heads of the medial epicondyle are more
prominently separated in NKT. The shape of the dorsal head of the lateral epicondyle
is halfcircular in both NKT anfé. roueniiput in NKT is much more elongated.
Moreover, in NKT that hehis placed at anore obtuseangle to the axis of the

proximal articular surfacdn contrast, inP. roueniijt is placed parallel to the

proximal articular surface axis. As a result, the lateral epicondyle is of equal or of
greater width to the medial épondyle in NKT than iA. roueniiln the medial

epicondyle, the highest point dorsally is more medially placd®l imueniiThe
plantarhead of the medial epicondyle is extended fairly plantarl.imoueniand it

tilts laterally, while in NKT it is not so extended plantarly and it tilts medially. Those
two heads are separated by a slight medial groove that is much better developed in
P. rouenithan in NKT. Finally, the pygmaios is prominerR.inouenibut absent in

NKT. That difference is probably due to the bad conservation status of the most NKT
specimens. Rntarly only a few things can be said, as the central trough seems to
variate a lot between NKT specimens in terms of depth and width. Finallyljstee

part, relatively to the shaft, is wider in NKT tharPinrouenii.

D O
S ©

Figure 29:Comparison of proximal met@rsals epiphyses. LefPalaeotragus rouenifom PERRight:
Palaeotragugrom NKT.
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2 KSYy Al O02YSa G2 GKS dhefoler Emngd oP dradenii 8 LIS OA Y €
radii length(Fig.18). In contrast toP. rouenii NKT radii have a broader distal part. In
that feature they agree witlP. berislavicuandP. asiaticugFig 18), although there is
only one radius specimen available in the literature for each of these two taxa.
Unfortunately, literature for thecraniatcaudaldiameter of radius is very limited.
However, from some scarce measurements (Geraads 1974), it seenmB. tioaenii
had a significantly slenderer radius than NKT, at least proximally. In faarahml
caudaRAF YSGUSNI 2F bY¢Qa NI RA BzzoelbphryddoivevérSNJ 2 (0 |
when NKT specimerere compared with somé°. roueniispecimens from thesites
Perivolaki and Niki2, they did not seem to be more robust proximally. The radius
curvature is a feature which also varies among NKT, as well as &@mongenii{ KI ¥ a Q
cross section is of similar crescent shape. Distally arochialy, the \(shaped
formation for the adhesion of extensor carpi radialis muscle is equally prominent in

NKT andP. rouenii The distal articular surface is also very similar in NKParalenii.

Concerning the astragali, the NKT astragali are intermediate in sinecée
0 K2 a®. raudni BINR dzLJ | B/ eveldplitySgroap, whilethe astragai of P.
berislavicusis smaller than the NKT ones and cannot be separated fibfk . @
rouenik group(Fig.20). Moreover, the astragalus &f. rouenifrom Perivolaki (PER) is
more elongated tharnthe NKT astragali, having a more rectangular shape (more

squaish in NKT.

The tibia data are rarer. According to the only full specimen of tibia available from
NKT, its length falls inside thB. roueniirange. Howver, it seems that NKT
palaeotragines had broader distal tibia parts thAnrouenii.Thisis another feature

that they share withP. berislavicuandP. asiaticugFig 1721).

¢g2 | aadzyLliA2ya Ol thixod e fisRofiSoult! lie2hdiin b Y ¢ Q&
Nikiti two populations ofPalaeotraguswere present. a population oP. rouenii
representedexclusivelyby postcranials anavith slightly shorter postcranial bones
than typically and a population of. coelophrysepresented by a partial cranium
(NKT172). The case of coexistence of differeRalaeotragusspecies in Greece is

confirmed (lliopoulos 2003, Kostopoulos 2009). However, the absence of any
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postcranial element from Nikiti that could be grouped with coebphryschallenges

this assumption. The most probable and parsimonibypothesis is that in NKT site,

a single large palaeotragine population existed, characterized by intermediate
proportions betweenP. coelophrysnd P. rouenii.That population is diagrsed by

af SYRSNJ YSGFLR2RAFIT &Y ¢KRloGekE | NERdkidlwitii S NI G K|y
RAYSYyaAirzya aAiYR fcoeNphris?2 I NB@ghdBogicalTdiffedences

between metapodials of Nikiti anll. rouenialso favor this hypothesis. On the other

hand, metric features are close to thoseRfberislavicugwith the exception of the

astragal) (Fig 17).

To sum up, the NKT taxon is a distinct form than BdthoueniandP. coelophrys.
Moreover, even ifP.asiaticusA & | @ f AR &aLISOA Sataxonoi RAFFSN
account of the dimensions of the metapodiaR. (@asiaticuseported metapodials
appearidentical to those of. rouenii. Considering thalP. berislavicuss probably a
valid species and thait shares a number of similarities witthe NKT form, a
classification aPalaeotragusaff. berislavicuss proposed for the NKT taxon, with all

reservations.

3.2.2.2 Pentalophos (PNT)

The dental specimens from PNT are large inlsifeR R 2 OfPS8ldediiagis FA G G 2
coelophrys 3 NRg¥617,@Z24).Lomparing the PNT teeth with those of the type
Palaeotragus coelophrysom Maragheh, in both the PNT and Maragheh premolars,

a slight hypoconal fold is observed. TRér&m Maradeh seensto have asomewhat
prominent lingual rib in the hypocone area that it is absent from theed? PNT. In the
only available from PNT, the paracone is more centrally placed, than it is in the P
FTNRY al NI 3K Soksette isbsdnm@wihabetter developed mesially and
lingually, than the fossette of*Prom Maragheh. Finally, the PNTi® clearly more
triangularly shaped than that of Maragheh.

The distal part of the PNT humer(@Bl. 14)approaches in sizé. roueni@

humerus. Its olecranon fossa is filled with sediment, however it is probably deep, wide
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and Ushaped. The medial epicondyle is flat and it is not expanding medially, while the

lateral epicondyle is projecting laterally and a round concave cavity islgteresent.

t b¢Qa YS@I ibladBoméwhat differentfrom those of NKT. They
statistically seem to approach better tdt @ 02 SdgraupIENtBest éare
considerably robusproximally (Fig30). Unfortunately, it is impossible to know their
full length as they are fragmented. The morphology of the proximal articular surface
2F tb¢ t221a Y2NB tfd | NEB. dd&yShy Abyonhepiotrudidhl y G K S
separates the plantar and dorsal hedadscontrast to the light medial groove of both
P. roueniiand NKT. The plantar head does not seem to tilt neither medially nor
laterally in PNT, in contrast #®. roueniiand NKT. The lateral dorsal head is more
robust in PNT than in botR. roueniand NK, and it is placed parallel to the proximal
I NI A Odzf I NJ & dANJFoueDiSThetiplartat 4nd dofsal heady of the lateral
epicondyle are separated by a groove in PNT, as they do in NKT. Finally, the pygmaios

is present but less prominent thanig inP. rouenii.

Figure30: Scatter plotof metatarsalproximalproportionson severalPalaeotraguspecies(Mt-Bp)
.NBFRGOGK 2F YSOl G NBp)5{SAMm KLINEFE ANSHIfF GUINSRD T aca AINREA Y £ 1

To sum upthere are very few postcranial elements from PNT site, although it
could be hypothesized that PNT held a population different to that of NKT, as the
available material (both the dental and postcranial) from PNT seems to fit better
coelophrysThe ceoccurrence ofP. coelophryglental and postcranial material allow

for a classification aBalaeotragus coelophrys.
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3.2.2.3 Ravin de la Pluie (RPI)

RPI skull has been studied in the past (Geraads 1978). It was then classified as
Palaeotraguscf. coelophrysFirst of all, the morphological examination of the teeth,
does not provide us with something valuable. A difference among the RPI teeth and
that of P. coelophrysype from Maragheh is that the RPI premolars are larger in
comparison to molars and that thegre more rectangular shaped. However, this
impression may be given due to thevancedRrPI teeth wear. Not a lot can be said for
the comparison of the RPI teeth labial ribs with those of the Maragheh teeth, again
due to the extended weaAccording to our observations and measurementss &g
19), the size of the skull and the size of thther RPI specimens fihdeedto P.
coelophrysLy FIF OG> wt[ Qa afidzZ f KIFa 2Hb68ever, ¥ GKS
the absence of any postcranial material from that site does not allow fdQ RP
classification aP. coelophrysasin the cassof NKT and PNTHence, we just confirm

Geraads (1978) classification of that materiaPataeotragu<t. coelophrys.

3.2.2.4 Xirochori (XIR)

The size of the mandibular teeth ¢N\13) from Xirochoriapproacheshe lower
NI y 3 Paladcfragdscoelophrys 3 NHyd24). Howeverit cannot be excluded
that these teeth belong to either& ® NXPgon$pyhaliidéial or P.aff. berislavicus
individual, asoverlap is observedo some extendamong different groups. Hence,

the material is clasBed asPalaeotragusp.

59



4. CONCLUSION

The attempt to clear up the Late Miocene Euradrailaeotragugaxonomywas
based exclusively in metric features, as the morphologiPalteotragudower and
upper premolars demonstrates high variabilig;dthe morphology of the upper and
lower molars is quietly conservative. It should not be excluded that other bones could

provide morphological phylogenetic information.

Thedental metric comparisas revealed the existence diiree different groups:
one of smaksized palaeotragines with lorgf Sy RS NJ Y Pirduedt R A INR &zLI6 &
and one of largesized animals with shoffl2 6 dza (i Y SB. toelgpRys| 8 AR @zl
6P. coelophrys 3 NP dzLJ éd ndore Sdfefuly Aay all of our fossils belong to a
large-sized Palaeotragus. Palaeotragus coelophrys, P. expectans, P. borissiaki, P.
moldavicus P. hoffstetteriand likely P. quadricorniscannot be distinguished on
account of metric featureand present data availahl@hus, they are consideréxtre
assynonyms undeP. coelophrysOn the other handP. asiaticuand P. berislavicus
are clearly distinguished on account of their dimensions. The available mateRal of
asiaticuss scarce anftagmentary. As a result, its validity cannot be decisively tested
here. All ofP. berislavicusnaterial comes frorma singlesite (Berislav). It reveals a
Palaeotragus with intermediate size betweenP. rouenii and P. coelophyrs,
demonstrating a relativeliarge skull and slender metapodials, intermediate in length

betweenthose ofP. roueniandP. coelophrys.

The NKTPalaeotragusrepresents a unique population that shares a lot of
similarities in dimensions witHP. berislavicus Therefore, it is referred b as

Palaeotragusff. berislavicus

Several dental specimens and metatarsal fragments were described from PNT.
Both cranial and postcranials agree witR@aeotragus coelophrgssignment. Hence
the PNTmaterial is referred to aPalaeotragus coelophryalthoughit is scarceThe
Palaeotragusskull from RPI is classified here Balaeotraguscf. coelophrys,in
agreement with previous identification by Geraads (1978). A mandible preserving the
molars andan isolated upper molar, are insi@®. coelophrysgroup size range and

they are attributed toPalaeotraguscf. coelophrystoo. The single mandiblefrom
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Xirochoriis relatively largesized but insufficient to allow for a proper classification.

Therefore the XirochoriPalaeotraguss referred to as?alaeotragusp.

In this study, we had the opportunity to test the Eurasian Late Miocene
Palaeotragugaxonomy, although this attempt was incomplete. In order to properly
Oft | NATé GKS {(lFLE2y2Yé AyaARS (KS vYzaid O02YyYz:
Miocene,Palaeotragusa much morecomprehensive analysis of all the collected
Palaeotragusnaterial is neededThat analysis should contain the examination of
several dental, cranial and postcranial featurébe postcranial morphology has
never beerthoroughlystudied. We propose that it could possibly reveal features
with diagnostic importance; as it has bedneady mentioned the metapodials from
NKT have morphological features that they are always different from tbbBe
rouenii.The metric comparisons that were carried out at the present study, should
also be used in order to assess relationsimgsdePdaeotragus Finally, future
excavationseem necessary in ordarore fossil materialo be availableand any
assumptions about th@alaeotragugaxonomyto be more solidin particular, the
discovery of several weireservedcranialspecimens couldffer much in terms of

understanding the phylogenetic relationshipsimethe genusPalaeotragus
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PLATES



Platel
Palaeotragusff. berislavicus
Nikiti skull(NKTF172)

a) Rightview
b) Leftview
c) Occlusaliew






Plate 2
Palaeotragusff. berislavicus
Nikiti Humerus(NKF161)

a) Cranialview
b) Caudaliew






Plate3
Palaeotragusff. berislavicus
Nikiti Radi
a) NKF156
1)  Proximalview
i)  Cranialview
i) Distalview
iv) Caudaliew
b) NKTF155
1)  Proximal view
i)  Cranialview
i) Distalview
iv) Caudaliew
c) NKF169
) CraniaView
i) Distal View
i) CaudaNView
d) NKF159
) CraniaView
i) CaudaView






Plate4
Palaeotragusff. berislavicus
Nikiti Metacarpals

a) NKF137
1)  Proximal view
i) Dorsalview
i) Distal view
iv) Palmarview
b)NKTF131
1)  Proximal view
i) Dorsalview
i) Distal view
iv) Palmarview
c) NKF141
1)  Proximal view
i) Dorsalview
i) Distal view






Plate5
Palaeotragusff. berislavicus
Nikiti Tibia(NKTF271)

a) Proximal view
b) Cranialview
c) Distal view
d) Caudalview






Plate 6
Palaeotragusff. berislavicus
Nikiti Astragal

a) NKF267
1)  Anterior view
i) Posterior view
i) Medial view
Iv) Lateral view
b)NKTF163
1)  Anterior view
i) Posterior view
i) Medial view
Iv) Lateral view
c) NKF266
1)  Anterior view
i) Posterior view
i) Medial view
Iv) Lateral view






Plate7

Palaeotragusff. berislavicus
Nikiti Calcanei

a) NKF153
) Plantar view
i) Dorsal view
i) Medial view
Iv) Lateral view
b) NKTF268
) Plantar view
i) Dorsal view
i) Medial view
Iv) Lateral view






Plate8
Palaeotragusff. berislavicus

Nikiti Metatarsals

a) NKF136

1)  Proximal view

i) Dorsalview

i) Distal view

iv) Pantarview
b) NKTF160

1) Dorsalview

i) Distal view






Plate9
Palaeotragus coelophrys
PentalophosToothrow with P-M3 (PNTF113f)
a) Occlusaliew
b) Linguakiew
c) Labialview






Plate 10
Palaeotragus coelophrys
PentalophodsolatedTeethi: PNF165 (M-M3)
a) Occlusaliew
b) Linguakiew
c) Labialview






Platell
Palaeotragus coelophrys
PentalophodsolatedTeeth i

a)PNF161(P)
1)  Occlusal view
i)  Lingual view
i) Labial view

b) PNTF164(F)
1)  Occlusal view
i) Lingual view
i) Labial view

c) PNF162 (B-P)
1)  Occlusal view
i) Lingualiew
i) Labial view

d)PNF163 (P-P)
1)  Occlusal view
i) Lingual view
i) Labial view






Plate12
Palaeotragus coelophrys
PentalophodMandible with M-M3 (PNT328f)

a) Occlusal view
b) Lingual view
c) Labial view






Plate13

Palaeotragus coelophrys
PentalophodeciduousMandible with dR-M;
(PNTF121f)

a) Occlusal view
b) Lingual view
c) Labial view






Plate14
Palaeotragus coelophrys
Pentalophos Humerud®’NT155)

a) Craniaview
b) Caudaliew
c) Right view
d) Left view






Plate15
Palaeotragus coelophrys
Pentalophos Metatarsals
a) PNT114f
1)  Proximal view
i) Dorsalview
i) Plantarview
b) PNF119f
)  Proximal view
i) Dorsalview
i) Pantarview






Plate 16
Palaeotragu<f. coelophrys
Ravin de la Pluie Sk(iRP191)
a) Left view
b) Right view
c) Occlusal view






i ynsngiaki ouhhoyr O
! ;.f; BiBAioBnkn \

YOEOZPAZTOX"

on
% )

e’ 3 - ThRua MewAoyiag
AL
N ALNLO /6







Platel7
Palaeotragu<t. coelophrys
Ravin de la Pluislandible with M-M3(RP{104)

a) Occlusal view
b)Lingual view
c) Labial view






Plate18

Palaeotragusp.

Xirochori Mandible Fragment (xH4)
a) Occlusal view
b)Lingual view
c) Labial view






